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Angiogenesis Inhibitory Agent 



This invention relates to novel 0-substituted fumagilloi derivatives or salts thereof, which have an- 
giogenesis inhibitory activity and are effective in the treatment and prevention of various inflammatory 
diseases (rheumatism, psoriasis, etc.). diabetic retinopathy and cancer, among others. 

Angiogenesis is deeply concerned in the course of manifestation or progress of various diseases, for 
example various inflammatory diseases (rheumatism, psoriasis, etc.), diabetic retinopathy, and cancer. 
Therefore, to inhibit angiogenesis is considered to contribute to the treatment and prevention of such 
diseases. In fact, several groups of researchers have so far searched for angiogenesis inhibitory sub- 
stances. As examples, there may be mentioned the study by Taylor et al. [Taylor, S. et al.. Nature. 297, 307 
(1982)] on the applicability of protamine and the study by Folkman et al. [Folkman. J. et al., ScienTer'221. 
719 (1983)] on the combined use of heparin and cortisone. Furthennore, patent applications have been fiied' 
alleging, for example, that ascorbic acid ethers and related compounds (Japanese Kokai Tokkyo Koho No. 
58-131978) and the sulfated polysaccharide DS4152 (Japanese Kokai Tokkyo Koho No. 63-'1 19500) show 
angiogenesis inhibitory activity. However, such substances are not yet fully satisfactory from the activity 
viewpoint The advent of compounds superior in activity Is waited for. 

Accordingly, it is an object of the invention to provide novel compounds having angiogenesis inhibitory 
activity. 

The present inventors searched for and evaluated various compounds in an attempt to achieve the 
above object and, as a result, found that 0-substituted derivatives of fumagilloi, a hydrolyzate of fumagillin 
so far known as an antimicrobial and antiprotozoal agent, have potent angiogenesis Inhibitory activity. Based 
on this finding, they have now completed the present invention. Thus, the Invention relates to 0-substituted 
fumagilloi derivatives (hereinafter sometimes refen-ed to as compounds (I) for short) of the formula 



wherein is a 2-methyl-1.propenyl or isobutyl group which may be substituted and R2 is (1) a substituted 
alkanoyi group, (2) a substituted aroyl group having at least one substituent selected from the group 
consisting of Ca-s alkyi, amino, halogen, hydroxyl, lower alkoxy, cyano, carbamoyl and carboxyl. (3) an 
aromatic heterocycle-cartDonyl. which may optionally be substituted, (4) a carbamoyl group, which may 
optionally be substituted, (5) an alkyI group, which may optionally be substituted, (6) a benzenesulfonyl 
group, which may optionally be substituted. (7) an alkylsulfonyl group, which may optionally be substituted 
(8) a suifamoyi group, which may optionally be substituted. (9) an alkoxycarbonyl group, which may 
optionally be substituted or (10) a phenoxycarbonyl group, which may optionally be substituted, or salts 
thereof. 

Referring to the above formula, the substituent on the optionally substituted 2-methyl-1-propenyl or 
isobutyl group represented by R' includes, among others, hydroxyl. amino, lower (Ci-s) alkylamino (e.g. 
methylamino, ethylamino. isopropylamino). di-lower (C1-3) alkylamino (e.g. dimethylamino. diethylamino) 
and a 5- or 6-membered heterocyclic ring containing nitrogen atom (e.g. pyn-oridin-l-yl. piperidino, 
morpholino. piperazin-l-yl. 4-methylpiperozin-1 -yl, 4-ethyipiperazin-1-yl), particularly preferred among them 
are hydroxyl and dimethylamino. 

Referring to the above fomnula. the substituted aikanoyi group represented by R^ includes, among 
others, alkanoyi groups (preferably containing 1 to 20 carbon atoms; examples in the unsubstituted form: 
formyl. acetyl, propionyl. isopropionyl. butyryl, pentanoyi, hexanoyi, heptanoyl. octanoyi, nonanoyi, lauroyi, 
undecanoyl. myristoyl. palmitoyi, stearoyi, arachinoyl, etc.) having at least one. preferably one to three 
substltuents each selected from among amino, lower alkylamino (e.g. methylamino. ethylamino. 
isopropylamino, etc.) di-(lower alkyI) amino (e.g. dimethylamino, diethylamino. etc.), nitr , halogen (e.g. 
fluorin . chlorine, bromine, iodine, etc.), hydroxyl, lower alkoxy (e.g. methoxy, thoxy, etc.), cyano. 
carbamoyl, carboxyl, lower alkoxycarbonyl (e.g. methoxycarbonyl. ethoxycarbonyl, etc.), carboxy-lower 
alkoxy (e.g. carboxymethoxy. 2-carboxyethoxy, etc.), phenyl which may optionally be substituted, aromatic 
heterocyclic group (preferably 5- or 6-membered aromatic heterocyclic group containing one to four hetero 
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atoms each s lected from among nitrogen, oxygen, sulfur and so on; e.g. 2-furyl, 2-thienyl. 4-thia2oly), 4- 
imidazolyl. 4-pyrldyl. etc.) and other substituents. Particularly preferred among them are 3-carboxypropionyl 
and 4-carboxybutyryl. 

As the substituted aroyi group represented by R2. there may be mentioned benzoyl, 1-naphthoyl and 2- 

5 naphthoyi each having at least one. preferably one to three substituents each selected from among (C2-< 
lower alkyl. such as ethyl or propyl, amino, halogen (e.g. fluorine, chlorine, bromine, etc.). hydroxyl, lower 
alkoxy (e.g. methoxy, ethoxy. etc.) cyano, carbamoyl, carboxyl and other substituents. Particularly prefen-ed 
among them is 2-carboxyben2oyL 

As the substituent or substituents on the optionally substituted aromatic heterocycle-carbonyi group 

10 represented by R^. there may be mentioned those substituents mentioned above referring to the substituted 
aroyI group. Usable as the aromatic heterocycle-carbonyi are 5- or 6-membered ones containing one to four 
heteroatoms each selected from among nitrogen, oxygen, sulfur and so on. Preferred among others are 2- 
furoyi, 2-thenoyl. nicotinoyl. isonicotinoyi and imidazole-Karbonyl. 

The carbamoyl group, which may optionally be substituted, represented by R2 includes carbamoyl. 

15 monosubstituted carbamoyl and disubstituted carbamoyl. As the substituents, there may be mentioned, for 
example, lower alkyl (e.g. methyl, ethyl, propyl, butyl, etc.). lower alkanoyi (preferably containing 1 to 6 
carbon atoms: e.g. acetyl, propionyl. acryioyi, methacroyi etc.). chloroacetyl, dichloroacetyl, trichloroacetyf, 
lower aikoxycarbonylmethyi, (e.g. methoxycarbonylmethyl. ethoxycarbonylmethyl. etc.), carboxymethyi, 
amino, phenyl which may optionally be substituted, naphthyl. benzoyl, and substituents forming, together 

20 with the carbamoyl nitrogen atom, cyclic amino groups (e.g. pyrrolldin-1-yl, piperidino. morpholino, 
piperazin-l-yl. 4-methylpipera2in-1-yl. 4-ethylpipera2in-1-yl, 4-phenylpipera2in-1-yl. imldazol-1-yl, etc.). Pre- 
ferred among them are chloroacetyl, phenyl, benzoyl and the like. 

The substituent of carbamoyl further includes halogenated lower alkyl (e.g. 2-chloroethyl. 2-bromoethyl, 
3-chloropropyl). dl-lower alkylamino-lower alkyl (e.g. 2-dimethylaminoethyl, 2-diethylaminoethyl. 3- 

25 dimethylaminopropyl), lower alkanoyloxy-lower alkanoyi (e.g. acetoxyacetyl. propionyloxyacetyl), lower 
alkanoylthio-lower alkanoyi (e.g. acetylthioacetyl. propionylthloacetyl). lower alkylthio-lower alkanoyi (e.g. 
methylthioacetyl. ethylthiopropionyl), arylthio-lower alkanoyi (e.g. phenylthioacetyl. naphthylthioacetyl), ar- 
omatic heterocyclicthio-lower alkanoyi (e.g. 4-pyridylthioacetyl). 2-pyridylthioacetyl. 2-ben- 
zothiazolythioacetyl. 2-benzoxazolylthioacetyl, 2-benzoimlda20lylthioacetyl. 8-qurnoly Ithioacetyl, [1 -(2- 

ao dimethylaminoethyljtetrazolhS-ylthioacetyl, 2-methyl-1 .3.4-thladiazol-5-ylthioacetyl, 1-methyl-2-methoxycar- 
bonyl-1.3,4-triazol-5-ylthioacetyl), N-oxy-2-pyridylthlo-lower alkanoyi (e.g. N-oxy-2-pyridylthioacetyl), N-lower 
alkyl-4-pyridiniothio-lower alkanoyi •halide (e.g. N-methyl-4-pyridinoacetyl* iodide), dllower alkylamino-lower 
alkanoyi (e.g. dimethylaminoacetyl. diethylaminoacetyl). ammonio-kswer alkanoyi 'halide (e.g. trimethylam- 
monioacety I 'iodide. N-methylpyrrolldlnoacetyl* chloride), aromatic heterocycllc-carbonyl (e.g. 3-furoyl. 

35 nicotinoyl. 2-thenoyl). lower alkoxycarbonyl (e.g. methoxycarbonyl, ethoxycarbonyl). phenoxycarbonyl. 
chloroacetylcarbamoyl. benzoylcarbamoyi, phenylsulfonyl which may have substituent (e.g. benzensulfonyl, 
toluensulfonyl) and di(lower aikyl)sulfonio-lower alkanoyi 'halide (e.g. dimethylsutfonioacetyf iodide). 

As the alkyl group, which may optionally be substituted, represented by R^. there may be mentioned 
straight or branched Ci -20 alkyl groups, which may optionally have one to three substituents each sel cted 

40 from among, for example, those substituents mentioned above for the substituted alkanoyi group. Said alkyl 
group may be epoxidized at any optional position. Methyl, etiiyl. benzyl and tiie like are prefeaed among 
others. 

As the substituent or substituents on the optionally substituted benzenesuifonyl group, represented by 
R*. there may be mentioned, for example, lower alkyl (e.g. metiiyl, etiiyl, etc.) and halogen (e.g. fluorine. 

45 chlorine, bromine, etc.). One to three such substituents may be present on tiie benzene ring at any optional 
position or positions. 1 

As ttie alkylsulfony! group, which may optionally be substituted, represented by R^, tiiere may be 
mentioned, among ottiers. Ci -s lower alkylsulfonyl groups, which may have one to ttiree substituents each 
selected from among, for example, ttiose substituents mentioned atxjve for ttie substituted alkanoyi group. 

50 Preferred among them are mettiylsulfonyl and etiiylsulfonyl. 

As the substituent or substituents on tfie optionally substituted sulfamoyi group represented by R', 
tiiere may be mentioned, for example, lower alkyl (e.g. methyl, ethyl, propyl, isopropyl. isobutyl. etc.), 
phenyl and substitijted phenyl. The sulfamoyi group may have eitiier one substituent or two substituents 
which are the same or different 

55 As ttie alkoxycarbonyl group, which tnay optionally be substituted, represented by R*. ttiere may be 
mentioned straight or branched tower alkoxycarbonyl groups, which may optionally have one or three 
substituents each s lected from among ttiose substituents mentioned ab ve. for Instance. Preferred among 
tiiem are m ttioxycarbonyl. ettioxycarbonyl, propoxycart)onyi, butoxycarbonyl, isobutoxycarbonyl. 1- 
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chloroethoxycarbonyl, and the like. 

The substituent or substituents on the optionally substituted phenoxycarbonyl group represented by 
may be the same as those mentioned above for th optionally substituted benzenesulfonyl group. The 
pheno)cy group may have one to three such substituents at any optional position or positions. 
5 In this specification, the substituent or substituents on each optionally "substituted phenyl" group 
include, among others, lower alkyi (e.g. methyl, ethyl, propyl, butyl, etc.). lower alkoxy (e.g. methoxy, 
ethoxy, propoxy. etc.), halogen (e.g. fluorine, chlorine, bromine, etc.). haloalkyi (e.g. trifluoromethyl. 
chloromethyl. bromomethyl. etc.) and nilro. The phenyl ring may have one to five such substituents at any 
optional position or positions. 

10 In this specification, unless otherwise specified, the term "lower alkyl" or "lower alkyl group" means a 
straight or branched alkyl group containing 1 to 6 carbon atoms and the term "lower alkoxy" or "lower 
alkoxy group" means an alkoxy group containing 1 to 6 carbon atoms, preferably 1 to 3 carbon atoms. 

The compounds (I) according to the invention may be used in the form of pharmaceutically acceptable 
salts if they have an acidic substituent (e.g. carboxyl etc.) or a basic substituent (e.g. amino, lower 

75 alkylamino. di-lower alkylamino. etc.). Said pharmaceutically acceptable salts may include salts with 
inorganic bases, salts with organic bases, salts with inorganic acids, salts with organic acids and salts with 
basic or acidic amino acids, among others. Available for the formation of such salts are such inorganic 
bases as alkali metals (e.g. sodium, potassium, etc.) and alkaline earth metals (e.g. calcium, magnesium, 
etc.) such organic bases as trimethylamine. trietfiylamine. pyridine, picoline. N.N-dibenzyletiiylenediamine! 

20 ethanolamine. diethanolamine, trishydroxymethylaminomethane and dicyclohexylamlne, such inorganic aoi 
ids as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid and phosphoric acid, such organic acids 
as formic acid, acetic acid, trifluoroacetic acid, oxalic acid, tartaric acid, fumaric acid, maleic acid, 
methanesulfonic acid, benzenesuffonic acid and p-toluenesulfonic acid, and such basic or acidic amino 
acids as arginine, lysine, omitiiine. aspartic acid and glutamic acid. Among these salts, the salts with bases 

25 (I.e. salts with inorganic bases, salts with organic bases and salts with basic amino acids) are those salts in 
which the carboxyl group contained In a substituent In compounds (I) Is Involved In the salt formation while, 
in the salts with acids (I.e. salts with Inorganic acids, salts witti organic acids and salts with acidic amino 
acids), an amino, lower alkylamino or di-lower alkylamino group, among others, contained in a substituent in 
compounds (I) is involved in the salt formation. 

30 The 0-substituted fumagillol derivatives in which in formula (I) Is a 2-methyl-1-propenyl group can be 
produced by subjecting fumagillol [Tarbell, 0. S. et al., J. Am. Chem, Soc., 83. 3096 (1961)], which is a 
hydrolyzate of fumagiliin produced by microorganisms, to acylation, carbamoyiation, alkylation or sul- 
fonylation using an acylating, carbamoylating, alkylating or sulfonylating agent In ttie manner mentioned 
below, or by isolating intermediates in such a reaction. 

35 TTie 0-substituted dihydrofumagiilol derivatives In which. In formula (I). R^ Is an isobutyl group can be 
produced by subjecting V.s'-dihydrofumagillol (II). which is obtainable by catalytically reducing fumagillol 
under ordinary conditions (e.g. using 5% palladium-carbon in a methanol solution; cf. Reference Example 
1). to the same reaction as mentioned above. 




(0) 



In cases where R^ is a group inert to catalytic reduction, it is also possible to convert tire 0-substituted 
fumagillol derivatives in which R' is a 2-metiiyl-1-propenyl group to the 0-substituted dihydnafumagillol 
53 derivatives in which R' is an isobutyl group by catalytic reduction. 

Those 0-substituted fumagillol derivatives of formula (I) in which R' Is a hydroxy-substituted 2-methyl-1- 
propenyl or Isobutyl group can be produced by subjecting fumagillol whose 6-position hydroxyl may be 
protected to oxidation for Introduction of a hydroxy group tiiereinto, and tiien subjecting tiie oxidation 
product, after deprotection of the 6-position hydroxyl as necessary, to acylation, carbamoyiation. alkylation 
55 or sulfonylation. or by isolating ttie respective reaction intemnedlates. In tiie step of ttie above-mentioned 
acylation, carbamoyiation. alkylation or sulfonylation. tiw reaction can proceed advantageously when tiie 
hydroxyl group introduced Into R^ Is protected as necessary. 

In cases where R^ is a group inert to oxidation, ttte 0-substituted fumagillol derivatives just mentioned 
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above can be produced also by subjecting thos 0-substituted fumagillol derivatives of formula (I) in which 

R* is a 2-methyl-l-propenyl or isobutyi group directly to oxidation. 

Those 0-substituted fumagillol derivatives of formula (I) in which is an amino-, lower alkylamino or 

di-lower alkylamino-substituted or 5 or 6-membered nitrogen-containing heterocycle-substituted 2-methyl-i- 
5 propenyl or isobutyi group can be produced by subjecting the above*mentioned fumagillol derivatives 

having a hydroxyl group introduced in the 4-position side chain moiety, 2-methy 1-1 -propenyl or isobutyi 

group, by the above-mentioned oxidation, the 6-position hydroxyl of which may b protected, to amination 

and then subjecting the amination product, after deprotectlon of the 6-position hydroxyl. to acylation. 

carbamoylation. alkylation or sulfonylation, or by isolating the respective reaction intermediates. In the step 
10 of the above-mentioned acylation. carbamoylation, alkylation or* sulfonylation. the reaction can proceed with 

advantage when the amino, lower alkylamino or nitrogen-containing heterocyclic group introduced into R^ is 

protected as necessary. 

In cases where is a group inert or resistant to amination, the 0-substituted fumgiilol derivatives just 
mentioned above can be produced also by subjecting an 0-substituted fumagillol derivative of formula (I) in 

IS which R^ is a hydroxyl-substituted 2-methy 1-1 -propenyl or isobutyi group to amination. 

Those 0-substituted fumagillol derivatives of formula (1) in which R' is a hydroxy-, amino-. lower 
alkylamino-, di-lower alkylamino- or 5- or 6-memt)ered nitrogen-containing heterocycle-substituted isobutyi 
group can be produced by subjecting a fumagillol derivative having a hydroxyl, amino, lower alkylamino. dl- 
lower alkylamino or 5- or 6-membered nitrogen-containing heterocyclic group introduced in the 4-position 

20 side chain moiety 2-methy 1-1 -propenyl group, the 8-position hydroxyl of which may be protected, to 
catalytic reduction and then subjecting the reduction product, after deprotection of the 6-position hydroxyl 
as necessary, to acylation, carbamoylation. alkylation or sulfonylation. or by isolating the respective reaction 
intermediates. In the step of acylation, carbamoylation. alkylation or sulfonylation, the reaction can proceed 
witii advantage when the hydroxyl. amino, lower alkylamino or nitrogen-containing heterocyclic group in R^ 

25 is protected as necessary. 

In cases where R^ is a group Inert to catalytic reduction, tiie 0-substituted fumagillol derivatives just 
mentioned above can be produced also by subjecting tiiose 0-substituted fumagillol derivatives of formula 
(1) in which R^ is a 3-hydroxy-2-methyl-1 -propenyl group directiy to catalytic reduction. 

The protection and deprotection of the 6-position hydroxyl and of the hydroxyl. amino, lower alkylamino 

30 and nitrogen-containing heterocycle in R^ can be carried out by an appropriate per se known method [cf. 
Greene, T. W.. "Protective Groups in Organic Synthesis", John Wiley & Sons, New Yoric (1981)]. 

In cases where such a substituent as amino, hydroxyl, or carboxyl Is present in tiie acylating, 
carbamoyiating. alkylating or sulfonylating agnet such substituent should preferat^iy be protected by an 
' appropriate protective group selected on the basis of the stability of tiie product. As examples of prefen'ed 

35 protective groups, there may be mentioned 4-nitrobenzyloxycarbonyl and 2-trimethylsilylethoxycarbonyl for 
amino protection. 4-nitrobenzyl and t-butyldimetiiylsiiyi for hydroxyl protection, and 4-nitrobenzyI for 
carboxyl protection. Deprotection can be effected by a conventional method, for example by catalytic 
reduction or reaction with the fluoride ion. In the case of carbamoylation or alkylation. it is also possible to 
use a kiwer alkyl group, such as metiiyl or ethyl, as tiie carboxyl-protecting group so tiiat postreaction 

40 deprotection can be effected by hydrolysis under mild alkaline conditions. 



1) Acylation 

45 Said acylation is carried out by. bringing fumagillol or dihydrofumagillol (hereinafter referred to as 
"starting alcohol") into contact with an activated, reactive derivative of a carboxyiic acid, for example an 
acid anhydride or an acid halide (e.g. acid chloride, acid bromide, etc.). 

Thus, tiie reaction proceeds according to the equation: Reactive derivative of R^OH + Starting alcohol 
Compound (1) [R* » R3] * 
50 In tiie above equation, R^ is (1) a substituted alkanoyl group. (2) a substituted aroyi group having at least 
one substituent selected from tiie group consisting of alkyl. amino, halogen, hydroxy, lower alkoxy, 
cyano, carbamoyl and carboxyl, or (3) an aromatic heterocycle-carbonyl group, which may optionally be 
substituted, as defined with respect to R^, 

Said reactive derivative of carboxyiic acid is used generally in an amount of about 1 to 10 moles, 
55 preferably 1 to 5 moles, per mole of tiie starting alcohol. 

The reaction is carried out generally in tiie presence of a base. Usable as said base are tertiary amines, 
such as diisopropyietiiylamin , trietfiylamine, pyridine and N.N-dimethylaminopyridin . alkali metal hy- 
drogen carbonates, such as sodium hydr gen carbonate and potassium hydrogen carbonate, alkali metal 
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carbonates, such as potassium carbonate and sodium carbonate, alkali metal hydrides, such as sodium 
hydride and potassium hydride, and organometals. such as butyllithium and lithium diisopropylamide. The 
base is used generally in an amount of about 1 to 10 moles per mole of the starting alcohol. 

This reaction is canied out generally in an organic solvent which will not interfere with the reaction. 

5 Usable as such inert organic solvent are, for example, amides, such as dimethylformamide and 
dimethylacetamtde. halogenated hydrocarbons, such as dichloromethane, chloroform and 1,2-dich- 
loroethane. ethers, such as diethyl ether, tetrahydrofuran and dioxane, esters, such as methyl acetate, ethyl 
acetate, isobutyl acetate and methyl propionate, nitriles, such as acetonltrile and propionitrile, nitro 
compounds, such as nitromethane and nitroethane. ketones, such as acetone and methyl ethyl ketone, and 

10 aromatic hydrocarbons, such as benzene and toluene. These may be used either alone or In the form of a 
mixture of two or more of them mixed together In an appropriate ratio. When a tertiary amine is used as the 
base, said amine as such may sen/e also as a solvent 

The optimal reaction temperature may vary depending on the carboxylic add derivative, base and 
solvent and ^amounts thereof, among others but can be found within the range of -80 *C to 100*C, 

75 preferably 0 C to room temperature (the term "room temperature" means a temperature of about 20* to 
35 C; unless otherwise specified, the same shall apply hereinafter). The reaction time required is about 30 
minutes to 5 days. 



20 2) Alkylation 

Said alkylation is effected by reacting the starting alcohol with an alkylating agent, for example an alkyi 
halide or a dialkyi sulfate (e.g. dimethyl sulfate, diethyl sulfate, etc.). representable by the formula R*Y 
[wherein R* is (5) an aikyi group, which may optionally be substituted, as defined with respect to R*. and Y 
25 is a leaving group (e.g. halogen (chlorine, bromine, iodine, etc.))]. Said alkylating agent is used generally in 
an amount of about 1 to 5 moles per mole of the starting alchohol. 

The reaction is carried out generally in the presence of a base. Usable as said base are, for example, 
those aikaii metal hydrogen carbonates, alkali metal carbonates, alkali metal hydrides and organometals 
mentioned above. The base is used generally in an amount of about 1 to 5 moles per mole of the starting 
30 alcohol. 

This reaction is carried out generally in an organic solvent which will not Interfere with the reaction. 
Usable as such inert organic solvent are those amides, haiogenated hydrocarbons, ethers, esters, nitriles. 
nitro compounds, ketones and aromatic hydrocarbons mentioned above. These may be used either singly 
or in the form of a mixture of two or more of them mixed together In an appropriate ratio. 
35 The optimal reaction temperature may depend on the alkylating agent base and soh^ent and amounts 
thereof but is generally within the range of -80 ' C to 100* C, preferably from 0* C to room temperature. The 
reaction time amounts to about 20 minutes to 5 days. 



40 3) Carbamoylation 

The carbamoylation reaction for the introduction of a monosubstituted carbamoyl group is carried out 
generally by bringing the starting alcohol into contact with an isocyanate. for example according to the 
following equation: 

45 R*NCO + Starting alcohol - Compound (I) [R^ = R'NHCO] In the above equation, R* is lower alky I. lower 

alkanoyl. chloroacetyl or tiie like substituent on the optionally substituted carbamoyl represented by R^. 

Said Isocyanate is used generally in an amount of about 1 to 5 moles per mole of the starting alcohol. 
This reaction is carried out generally in the presence of a base. Usable as said base are. for example, 

those tertiary amines, alkali metal hydrogen carbonates, alkali metal carbonates, alkali metal hydrides and 
50 organometals mentioned above. The level of addition of said base is generally about 1 to 5 moles per mole 

of the starting alcohol. 

This reaction Is carried out generally In an organic solvent which will not interfere witii ttie reaction. 
Usable as such inert organic solvent are those amides, halogenated hydrocartsons. ethers, esters, nitriles. 
nitro compounds, ketones and aromatic hydrocartxsns mentioned above. These may be used either singly 
55 or in the form of a mixture or two or more of them mixed together in an appropriate ratio. When a tertiary 
amine is used as tin base, said tertiary amine as such may also serve as a solvent 

The optimal reaction temperature may depend on th isocyanate, base and solvent and amounts 
thereof but is generally within the range of -60' C to 100* C. preferably from 0* C to room temperature. The 
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reaction time required amounts to about 1 hour to 5 days. 

Among the monosubstituted carbamoyl group*containing compounds thus obtained, those compounds 
having a chloroacetylcarbamoyi or trichioroacetylcarbamoyi group, for instanc , may b converted to the 
corresponding compounds having an unsubstituted carbamoyl group by liminating the chloroacetyl or 
s trichloroacetyl group by a conventional method (e.g, under basic conditions at room temperature or with 
heating). 

Said carbamoylation may aiso be effected by reacting the starting alcohol with a carbamoyl halide. 
Said carbamoyl halide is used generally in an amount of about 1 to 5 moles per mole of the starting 
alcohol. 

10 This reaction Is carried out generally- in the presence of a base. Usable as the base are those tertiary 
amines, alkali metal hydrogen carbonates, alkali metai carbonates, alkali metal hydrides and organoalkali 
metals mentioned above. The level of addition of said base is generally about 1 to 5 moles per mole of the 
starting alcohol. 

This reaction is carried out generally in an organic solvent which will not interfere with the reaction. 
75 Usable as such Inert organic solvent are those amides, halogenated hydrocarbons, ethers, esters, nitrites, 

nitro compounds, ketones and aromatic hydrocarbons mentioned above. These may be used either singly 

or in the form of a mixture, in an appropriate mixing ratio, of two or more of them. When a tertiary amine is 

used as the base, said tertiary amine as such may also serve as a solvent. 

The optimal reaction temperature may vary depending on the carbamoyl halide. base and solvent and 
20 amounts thereof. Generally, however, the reaction is carried out at a temperature from about O'C to a 

temperature approximately equal to the refluxing temperature of the reaction medium, preferably from about 

25 ' C to the refluxing temperature. 

Further, said carbamoylation can be effected by reacting the starting alcohol with a chloroformate ester 

(e.g. phenyl chloroformate. ethyl chloroformate. isobutyl chloroformate. 1-chloroethyl chloroformate. etc.) or 
25 1,1-carbonyldiimidazole and then reacting the resulting active ester with a primary or secondary amine. Said 

chloroformate ester, 1,1-carbonyldiimidazole or amine is used generally in an amount of about 1 to 5 moles 

per mole of the starting alcohol. 

In the process mentioned just above, the reaction of the starting alcohol with a chloroformate ester is 

carried out generally in the presence of a base. Usable as said base are those tertiary amines, alkali metal 
30 hydrogen carbonates, alkali metal carbonates, alkali metal hydrides and organoalkali metals mentioned 

above. The level of addition of the base is generally about 1 to 5 moles per mole of the starting alcohol. 
This reaction is carried out generally in an organic solvent which will not interfere with the reaction. 

Usable as such inert organic solvent are the amides, halogenated hydrocarbons, ethers, esters, nitriles. .nitro 

compounds, ketones and aromatic hydrocarbons mentioned above. These may be used either singly or in 
35 the form of a mixture, in an appropriate mixing ratio, of two or more of them. The optimal reaction 

temperature may vary depending on species of chloroformate ester, base, amine and solvent and amounts 

thereof, among others. Generally, however, the reaction is carried out at a temperature from -20* C to the 

refluxing temperature of the reaction medium, preferably at a temperature of 0*C to 50 *C. The active 

esters obtainable as intermediates are aiso included within the scope of the objective compounds (i) of the 
40 invention. 

Among the compounds having a mono-substituted carbamoyl group, those having a substituted lower 
alkanoylcarbamoyi group can be produced also by reacting a con-esponding compound having a 
chloroacetylcartiamoyi group with a nucleophillc reagent 

The nucieophilic reagent to be used is a lower carboxyllc add, lower thiocarboxyllc acid, thiol, amine or 
45 the like, or a metal salt thereof. 

This reaction is generally carried out in an organic solvent which will not interfere with the reaction. The 
above-mentioned saturated aliphatic hydrocarbons, alcohols, amides, halogenated hydrocarbons, ethers, 
esters, nitriles, nitro compounds, ketones and aromatic hydrocarbons, for instance, can be used as such 
organic solvent inert to the reaction. These may be used either singly or in the form of a mixture of two or 
50 more in an appropriate mixing ratio. 

Generally, ti^is reaction is carried out in the presence of a base. Usable as said base are. for example, 
the above-mentioned tertiary amines, alkali metal hydrogen carbonates, alkali metal carbonates, alkali metal 
hydrides and organoalkali metal compounds. The base is added to the reaction system generally in an 
amount of about 1 to 5 moles per mote of the starting material. 
55 The optimal reaction temperature may vary depending on the nucieophilic reagent base and solvent 
the quantities tiiereof and other factors. Generally, however^ the reaction Is carried out at -80* C to 100* C. 
preferably at 0 ' C to room t mperatur . The reacti n period is about 20 minutes to 5 days. 
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4) Sulfonylation 

The sulfonylation is effected by reacting the starting alcohol with an activated sulfonic acid derivative 
such as a sulfonic anhydride or a sulfonic halide (e.g. sulfonyl chloride, sulfonyl bromide, etc.). or an 
activated sulfannic acid derivative such as a sulfamoyi halide (e.g. sulfamoyi chloride, sulfamoyi bromide 
etc.). 

Thus, the above process may be illustrated by the following equation: 
Reactive derivative of R^OH + Starting alcohol - Compound (I) [R^ = R«] 

In the above equation, R« is (6) a benzenesulfonyl group, which may optionally be substituted, (7) an 
alkylsulfonyl group, which may optionally be substituted or (8) a sulfamoyi group, which may optionally be 
substituted, as defined ^ith respect to R^. 

Said reactive derivative of sulfonic acid Is used generally in an amount of about 1 to 5 moles per mole 
of the starting alcohol. 

This reaction is carried out generally In the presence of a base. Usable as said base are those tertiary 
amines, alkali metal hydrogen cartDonates, alkali metal carbonates, alkali metiial hydrides and organometals 
mentioned above. The level of addition thereof is generally about 1 to 10 moles per mole of the starting 
alcohol. 

This reaction is earned out generally in an organic solvent which will not interfere with the reaction. 
Usable as such inert organic solvent are those amides, halogenated hydrocarbons, ethers, esters, nitriles, 
nitro compounds, ketones and aromatic hydrocariDons mentioned above. These may be used either singly 
or in the form of a mixture of two or more of them mixed together in an appropriate mixing ratio. When a 
tertiary amine is used as the base, said tertiary amine as such may serve also as a solvent. 

The optimal reaction temperature may vary depending on the sulfonic or sulfamic acid derivative, base 
and solvent and amounts thereof. Generally, however, the reaction is carried out at -80*C to 100* C. 
preferably at 0* C to room temperature, tiie reaction time amount to about 10 minutes to 5 days. 



5) Oxidation 

Said oxidation is effected by reacting an oxidizing agent witfi fumagillol, whose 6-position hydroxyl may 
be protected, or an 0-substituted fumagillol derivative of fomiula (I) in which Is a substituted or 
unsubstituted 2-methyl-1-propenyl or isobutyl group and the 6-position hydroxyl of which may be protected. 

Usable oxidizing agents are selenium dioxide, osmium tetroxide. aqueous hydrogen peroxide, organic 
peroxides (e.g. t-butyl hydroperoxide etc.). organic peracids (e.g. perfomnic acid, peracetic acid, 
trifluoroperacetic acid, perbenzoic add, m-chloropert3enzoic acid, etc.) and so forth. It is also possible to 
use two or more of these In combination in an appropriate mixing ratio. Generally, the oxidizing agent is 
used in an amount of about 1 to 5 moles per mole of tfie starting material. 

This reaction is generally carried out in a solvent which will not interfere with the invention. Useful 
examples- of such solvent Inert to the reaction are water, saturated aliphatic hydrocarbons, such as hexane. 
heptane, etc.. alcohols, such as metiianol, ethano! etc., and the above-mentioned halogenated hydrocar- 
bons, etiiers and aromatic hydrocarbons. These may be used either singly or in ttie form of a mixture of 
two or more of them in an appropriate mixing ratio. 

The optimal reaction temperature may vary depending on the oxidizing agent and solvent, the quantities 
thereof and other factors. Generally, however, tiie reaction is carried out at -80* C to 100* C. preferably at 
0* C to room temperature. The reaction period Is about 20 minutes to 5 days. 



6) Amination 

The amination is conducted for conversion of the hydroxyl group of tiie fumagillol derivatives having a 
hydroxyl group introduced In ttie 4-position side chain, 2-methyl-1-propenyl or isobutyl group, as a result of 
the above oxidation reaction, tiie 6-position hydroxyl of which may be protected, or of those 0-substituted 
fumagillol derivatives of general formula (I) in which R' is a hydroxy-substituted 2-mettiyM-propenyl or 
isobutyl group by the method of converting hydroxyl directiy to amino by taking advantage of the Mitunobu 
reaction (cf. Mitunobu. 0.. Synthesis. 1981 , 1) which uses an Imide, such as phthalimide or sucdnimlde, the 
method which comprises converting said hydroxyl to methanesutfonyloxy or toluenesulfonyloxy and then 
covering tiie latter to an amino, lower alkylamino. dl-(lower alkyl)amino or nitrogen-containing heterocyclic 
group by reaction with ammonia or the conr spending amine, or some otiier appropriate method. 
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For the reaction of the suifonyloxy derivative with ammonia or an amine, aqueous ammonia, gaseous 
ammonia or liquid ammonia may be used as ammonia and the amine to be used is a primary amine (e.g. 
methylamine, ethylamine, isopropylamine. etc.) a secondary amine (e.g. dimethylamine, diethylamine, etc.) 
or a 5- or 6-membered nitrogen-containing heterocyclic compound { .g. pyrrolidine, piperidine, morpholine. 
5 piperazine. N-methylpiperazine. N-ethylpiperazine, etc.). 

Generally, this reaction is carried out using ammonia or said amine in an amount of about 1 to 20 
moles, preferably 2 to 10 moles per mole of the starting materiai in a solvent which will not adversely affect 
the reaction. The ammonia or amine itself may be used as the solvent Useful as the solvent which will not 
.adversely affect the reaction are. for example, water and such saturated aliphatic hydrocarbons, alcohols, 
70 amides, haiogenated hydrocarbons, ethers, esters, nitriles, nitro compounds, ketones and aromatic hy- 
drocarbons as mentioned above. These may be used either singly or In the form of a mixture of two or 
more in an appropriate mixing ratio. 

This reaction may also be canried out in the presence of a base, such as an alkali metal hydrogen 
carbonate or an alkali metai carbonate. Those alkali metai hydrogen carbonates and alkaii metal carbonates 
IS mentioned above referring to the alkylation can be used also for this reaction. 

The optimaJ reaction temperature may vary depending on the reactant (ammonia or amine), base and 
solvent, the quantities thereof and other factors. Generally, however, the reaciton is carried out at -80 * C to 
1 00 ' C. preferably at 0 * C to room temperature. The reaction period Is about 20 minutes to 5 days. 

It is also possible to N-alkylate the amino or lower alkylamino introduced by the above-mentioned 
20 method according to a per se known method [cf.Sutheriand, I. 0. (ed.), "Comprehensive Organic Chem- 
istry", vol. 2, pages 4-11. Pergamon Press (1979)] to give those fumagillol derivatives which have a lower 
alkylamino or di-(lower alkyl)amino group introduced in the 4-position side chain, 2-methyl-1 -propenyl or 
isobutyl group, and whose 6-position hydroxyl may be protected or those 0-substituted fumagillol deriva- 
tives of general fomiula (I) in which R' is a lower alkylamino- or di-(lower alkyl)amino-substituted 2-methyl- 
25 1 -propenyl or isobutyl group. 

The 0-substituted fumagillol derivatives (I) thus produced can be isolated by per se known means of 
separation and purification (e.g. chromatography, crystallization) or by other appropnlite rneans. 

The compounds (1) have asymmetolc centers within their molecules and accordingly are optically active. 
Their absolute configuration comes from the starting material fumagillol. Therefore, it Is to be noted that the 
00 compounds (I) have the same absolute configuration tiiat fumagillol has. 

The compounds according to the Invention exhibit angiogenesis inhibitory activity and are useful as 
therapeutic and prophylactic agents for various inflammatory diseases (rtieumatism, psoriasis), diabetic 
retinopathy, or cancer. They can be safefy administered either orally or nonorally as such or in the fomi of 
pharmaceutical preparations [e.g. tablets, capsules (inclusive of soft capsules and microcapsules), solutions. 
OS injections, suppositories] prepared by admixing with per se known phamnaceutically acceptable carriers or 
excipients or ttie like. The dose may vary depending on tiie target of administration, route of administration, 
symptoms and otfier factors. Generally, however, in adults, they are used, for example, at a dose of about 
0.1 mg/kg to 40 mg/kg body weight, preferably about 0.5 mg/kg to 20 mg/kg body weight 

40 

Experimental Example 1 

The product compound (0 obtained In the examples given below were evaluated for angiogenesis 
inhibitory activity by the rat cornea miaopocket method. The data obtained are summarized .in the table 
45 given below. 



Method of measurement 

so Essentially the method of Gimbrone et aJ. [J. National Cancer Institute. 52. 413-419 (1974)] was 
followed. Thus, adult male Sprague-Dawley rats (11 to 16 weeks of age) were anesthetized with nembutal 
and locally anesthetized by instillation of xylocaine eyedrops onto the eyeball. The comea was incised to a 
length of about 2 mm at about 2mm Inside from the corneal circumference by means of an injection needle, 
and a sustained release pellet containing basic fibroblast growth factor (bFGF; bovine brain-derived, purified 

55 product R & D) and a sustained release pellet containing the test sample were inserted side by side into 
the incision so that the bFGF pellet was located on the central side In the cornea. In the control group, the 
bFGF pellet and a sample-free pellet were Inserted into the cornea. After 7 days and after 10 days, the 
comea was obsen/ed under a stereoscopic microscope. When th sample administration resulted in 
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retardation or reduction of bFGF-induced angiogenesis, the sample was judged to have inhibitory activity. 

The sustained release pellets were prepared in the following manner. An ethylene-vinyl acetate 
copolymer (Takeda Chemical Industries) was dissolved in dichloromethane to a concentration of 8%. A 3-ul 
portion of the solution was air-dried on a glass dish, an aqueous solution of bFQF (250 ng) was then placed 
thereon and air-dried and, finally 3 ul of th above ethylene-vinyl acetat copolymer solution was placed 
further thereon and air-dried to give a laminate consisting of two copolymer layers and a bFGF layer 
sandwiched therebetween. This sandwich sheet was made round into a bFGF pellet The test sample 
pellets were prepared by dissolving each sample in ethanol in a concentration of 20 ug/2 ul, mixing the 
solution (2 ul) with 6 ul of an ethylene-vinyl acetate copolymer solution, air-drying the mixed solution on a 
glass dish and making the thus-obtained sheet round. 



Table Angiogenesis inhibitory activity 



Example 


Inhibition rate 


Judgment 


2 


S/S 


+ 


4 


6/7 


+ 


5 


8/8* 


+ 


6 


6/7 


+ 


8 


6/6* 


+ 


11 


9/9* 




14 


4/8 




17 


7/8* 


+ 


18 


7/7 




20 


3/4 


+ 


21 


4/4 




22 


5/8 




23 


6/8 


+ 


24 


5/12 




25 


6/8 


+ 


26 


6/6 


+ 


27 


3/7 


± 


28 


11/11 




29 


7/7 


+ 


30 


4/8 


± 


31 


5/6 


+ 


32 


9/12 


+ 


33 


4/6 


± 


34 


4/4 


+ 


35 


4/8 
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Table (Continued) 



Example Inhibition rate Judgment 



37 


11/11 




38 


13/15 


+ 


39 


8/8 


+ 


40 


6/6 


+ 


41 


2/4 




42 


7/7 




43 


7/7 




44 


7/7 




45 


8/13 




46 


7/10 


+ 


49 


4/5 




51 


7/14 




52 


6/8 


+ 


53 


8/8 




54 


5/S 


+ 


56 


4/7 




57 


6/6 




58 


6/6 


+ 


60 


4/6 






7/7 


+ ■ 


62 


7/7 


+ 


63 


6/6 


+ 


64 


5/5 


+ 


65 


8/8 


+ 


67 


5/5 


+ 


69 


6/6 


+ 


70 


5/5 


+ 


75 


8/8 


+ 



♦ Judged after 7 days. Others judged after 10 days. 

In the above table, the inhibition rate is the ratio of the number of rats in which angiogenesis inhibitory 
activity was observed to the number of rats tested. 
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The following referenc xamples and examples are further illustrative of the present invention but are 
by no means limitative of the scope of the invention. 

In the following reference examples and examples, elution in column chromatography (the eiuent being 
given in the parentheses) was performed under TLC (thin layer chromatography) observation. In TLC 

5 observation, Merck kleselgei 6OF2S0 (70-230 mesh) was used for preparing TIC plates and the solvent used 
as the eiuent in column chromatography was used also as the developing solvent For detection, a UV 
detector or coloration with phosphomolybdic acid, for example, was used. Merck kieselgel 60 (70-230 
mesh) was used also as the column packing stiica gel. Each NMR spectrum is a proton NMR (^H-NMR) 
spectrum measured on a Varian model Gemini 200 NMR spectrometer with tetramethylsilane as an internal 

10 or external standard and reported in temls of B values In ppm. 

In the reference examples and examples, the following abbreviations are used: 
s: singlet; bn broad; d: doublet; dd: double doublet; ddd: doublet doublet doublet t: triplet q: quartet; m: 
multipiet ABq: AB quartet J: coupling constant Hr hertz; CDCls: deuteriochloroform; ds-OMSO: deuterated 
dimethyl sulfoxide; %: % by weight 

IS In the following reference examples and examples, the term "room temperature* means about 15- 
25* C. The melting point and temperature data are all given on the Celsius scale. 



Reference Example 1 

20 

Oihydrofumagillol 




A solution of fumagillol (1.12 g) in ethanol (13 ml) was subjected to catalytic reduction at atmospheric 
pressure and room temperature for 1 hour, using 5% patladium-on-cart}on (120 mg) as the catalyst The 
reaction mixture was filtered, the filtrate was concentrated under reduced pressure, and the residue was 
35 purified by silica gel chromatography {eiuent n-hexane-ethyl acetate = 2:1) to give 871 mg (77% yield) of 
dihydrofumagiliol, a compound described in J. Am. Chem. Soc, 78, 4675 (1956). 

Example 1 

40 

0-(3*Carboxypropionyl)fumagiilol 




To a solution of fumagillol (240 mg) and dimethylaminopyridine (100 mg) in anhydrous pyridine (1 ml) 
was added succinic anhydride (250 mg) and the mixture was stirred at room temperature for 3 days. The 
reaction mixture was concentrated under reduced pressure, and the residue was dissolved in ethyl acetate 
and washed with water. Then, the organic layer was extracted with saturated aqueous sodium hydrogen 
carbonate solution. The water layer was adjusted to pH 4 with diluted hydrochloric add and reextracted with 
ethyl acetate. The extract was dried over anhydrous magnesium sulfate and the solvent was distilled off 
under reduced pressure to give colorless, syrupy 0(3-carboxypropionyl)fumaglllol (252 mg) (78% yield). 
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'H-NMR (CDCI3) 5: 1.08 (1H. m), 1.20 {3H, s). 1.65 (3H. s). 1.75 (3H. s). 1.6-2.2 (5H. m). 2.39 (1H. m). 2 56 
(1H. d. J = 4.2 Hz) 2.65 (5H. m), 2.98 (1H. d. J ='4.2 Hz). 3.40 (3H. s). 3.63 (1H. dd, J = 11.2 Hz. j '«2,8 Hz) 
5.22 (1 H. m) 5.68 (1 H, br s). 7.10 (br s). 

5 

Example 2 



Sodium salt of 0-(3-carboxypropionyl)fumagillol 

10 




OCO (CRi ) t COOKt 

To 0-{3-carboxypropionyl)fumagilloI (612 mg) was added water (2 ml), followed by portionwise addition 
20 of sodium hydrogen carbonate (135 mg) for dissolving the starting materia!. The solvent was then distilled 
off under reduced pressure to give colorless, crystalline sodium salt of 0-(3-carboxypropionyl)fumagillol 
(614 mg) (95% yield), 
m.p.: gradual decomposition above 120*C 

^H-NMR (O2O) 5: 1.08 (1H, m). 1.23 (3H, s). 1.67 (3H. s). 1,78 {3H. s), 1.6-2.7 (10H. m), 2.77 (1H. d. J = 3.8 
25 Hz). 2.90 (1 H. t. J = 6.2 Hz). 3.1 0 (1 H. d. J = 3.8 Hz), 3.41 (3H, s), 3.85 (1 H, dd, J = 1 1 .0 Hz. J = 2.6 Hz). 5.27 
(1H. m), 5.62 (1H. br 3). 

Example 3 

30 

0-(4-Carboxybutanoyi)fumaglllol 



35 




^ OCO (CHi ) $ COOR 

In the same manner as in Example 1, fumagillol (200 mg) was reacted with glutaric anhydride (260 mg) 
with stining at room temperature for 24 hours to give colorless, syrupy 0-(4-carboxybutanoyl)fumagiltol (235 
mg) (84% yield). 

^ 'H-NMR (CDCb) 5: 1.08 (1H, m). 1.21 (3H, s). 1.65 (3H, s). 1.75 (3H. s). 1.7-2.6 (12H. m), 2.58 (1H. d, 
J = 4.2 Hz). 2.63 (IH. t. J = 6.4 Hz). Z99 (1H, d. J = 4.2 Hz), 3.43 (3H, s). 3.65 (1H. dd. J = 11.0 Hz. J = 2.6 
Hz), 5.20 (1 H. m). 5.67 (1 H, br s), 8.60 (1 H. br s). 



Example 4 



Sodium salt of 0-(4-carboxybutanoyl)fumagillol 

55 
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•ocjr, 

bCO (CK, ) , COON« 



10 



IS 



In the same manner as in Example 2. 0-(4-carboxybutanoyl)fumagiIlol (604 mg) was treated with 
sodium hydrogen carbonate (128 mg) to give colorless, crystalline sodium salt of 0-(4<arboxvbutanovn- 
fumagillol (565 mg) (89% yield). \-^«uuu^youianoyij 

m.p.: gradual decomposition above 120*C 

'H-NMR (OtO) B: 1.10 (1H. m). 1^3 (3H. s). 1.67 (3H. s). 1.77 (3H. s). 1.7-2.55 (12H. m). 2.78 (1H, d. J = 3 4 
Hz). 2.88 (1H. t, J = 6.4 Hz). 3.09 (1H, d, J = 3.4 Hz). 3.41 (3H. s). 3.84 (1H. dd. J»11.2 Hz. J = 2.8 Hz). 5.28 
(1H. m), 5.64 (1H, br s). 



Example 5 



20 0-Carboxymethoxyacetylfumagillol 



25 




'OCRt 
OCOCKi OCKt COOK 



JO tn the same manner as in Example 1, fumagilloi (205 mg) was' reacted with diglycoHic anhydride (255 
mg) with stirring at room temperature for 20 hours to give colorless, syrupy O-carboxymethoxyacetvl- 
fumagillol (205 mg) (71% yield). 

^H-NMR (CDCb) a: 1.10 (1H. m). 1.21 (3H. s). 1.63 (3H. s), 1.72 (3H. s). 1.6-2.6 (8H. m). 2.94 (1H. d. 0-42 
H2).3.41 (3H. s). 3.63 (1H. dd, J = 11.2 Hz. J=2.8 Hz). 4.25 (2H. s). 4.30 (2H. s). 5.21 (1H. m). 5.73 (1H. br 
35 s). 8.22 (1 H, br s). 



Example 6 



40 . 



0-{2-Carboxybenzoyl)fumagllIol 



45 



50 




In the same manner as in Example 1. fumagilloi (187 mg) was reacted with phthalic anhydride (147 mg) 
with stinring at room temperature for 3 days. Purification by silica gel column chromatography (ethyl 
acetate) gave colorless, powdery 0-(2-carboxybenzoyl)fumagiIlol (190 mg) (67% yield). 
55 'H-NMR (CDCb) 5: 1.08 (1H, m). 1.24 {3H. s). 1.68 (3H. s). 1.77 (3H. s). 1.9-2.5 (5H. m). 2.35 (1H. d. 
J = 11.6 Hz).2.60 (1H. d, J = 4.1 Hz). 2.94 (1H,d. J = 4.1 Hz). 3.16 (1H. dd. J=7.8 Hz, J = 5.6 Hz). 3.50 {3H. 
s). 3.75 (1H. dd. J = 11.8 Hz. J = 2.3 Hz). 5.22 (1H. m). 5.99 (IH. d. J=i3 Hz), 7.45-7.65 (3H. m). 7.8-7.9 
(1H, m). 
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Example 7 



0-Nicotinoylfumagillol 

5 




^5 To 3 isolution of fumagillol (500 mg) and dimethylaminopyridine (870 mg) in anhydrous dichloromethane 
(15 ml) was added nicotinoyi chloride hydrochloride (470 mg) and the mixture was stin-ed at room 
temperature for 30 minutes. The reaction mixture was diluted with ethyl acetate, washed with water, 
saturated aqueou& sodium hydrogen carbonate solution and saturated aqueous sodium chloride solution 
and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure and the 

20 residue was subjected to silica gel column chromatography. The ethyl acetate eluate was concentrated 
under reduced pressure to give colorless, oily 0-nicotinoylfumagillol (629 mg) (92% yield). 
'H-NMR (CDCI3) S: 1.20 (1H. m). 1^4 (3H. s). 1.67 (3H. s), 1.76 {3H. s). 2.04 (1H, d. J = 11.0 Hz). 1.95-2.47 
(5H, m). 2.61 (1H. d. J«4.2 Hz), 2.63 (IN, t J«6.4 Hz), 3.05 (1H, d, J»4.2 Hz). 3.50 (3H. s). 3.77 (1H. dd. 
J = 11.0 Hz. J = 2.8 Hz), 5.22 (1H, m). 5.95 (1H, m). 7.39 (1H. ddd, Jo 7.9 Hz. J = 4.9 Hz. J = 1.0 Hz). 8.29 

25 (1 H. dt, J = 7.9 Hz. J = 2.0 Hz), 8.78 (1 H. dd, J = 4.9 Hz, J » 2.0 Hz), 9.22 (1 H, dd. J = 1 .0 Hz J « 2.0 Hz). 



Example 8 

30 

0-Chloroacetylcarbamoylfumaglllol 




OCONRCOCKi CI 

40 

To a solution of fumagillol (314 mg) in dichloromethane (5 ml) was added dropwise chlorgacetyl 
isocyanate (160 mg) under ice cooling, following by addition of dimethylaminopyridine (130 mg). The 
mixture was stirred at 0*C for 2 hours. To this reaction mixture was added water and the mixture was 
extracted with dichloromethane. The organic layer was washed with saturated aqueous sodium chloride 
<6 solution and dried over anhydirous magnesium sulfate. The solvent was distilled off under reduced pressure 
and the residue was subjected to silica gel column chromatography. The eluate obtained with a mixtur of 
n-hexane and ethyl acetate (3:1) was concentrated under reduced pressure to give colorless, powder 0- 
chloroacetylcarbamoyifumagillol (318 mg) (71% yield). 

'H-NMR (CDCI3) 6: 1.10 (1H. m). 1.21 (3H. s). 1.66 (3H. s), 1.75 (3H. s). 1.93 (1H. d. J = 11.4 Hz), 1.8-2.5 
so (5H. m). 2.57 (IH, d. J = 4.2 Hz). 2.58 (1H. m) 2.99 (1H. d. J = 4.2 Hz), 3.47 (3H, s). 3.68 (1H, dd, J = 11.4 
Hz. J = 2.8 Hz), 4,44 (2H. s). 5.20 (IH. m). 5.61 (IH, m). 8.33 (IH. br s). 



Example 9 



0-(n-Propylcarbamoyl)fumagiIlol 
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dCOKKCHt CHi CR« 



In the same manner as in Example 8, fumaglllol (200 mg) was reacted with n-propyi isocyanate (180 
mg) with stirring at room temperature for 3 days. Purification by silica gel column chromatography (n- 
10 hexane:ethyl acetate « 4:1) gave colorless, powdery 0-(n-propylcarbamoyl)fumagiIlol (128 mg) (49% yield). 
^H-NMR (CDCI3) S: 0.92 (3H. t. J =7.4 Hz), 1.07 (1H. m). 1.21 (3H. s). 1.4-2.5 (8H. m), 1.66 (3H, s). 1.75 (3H. 
s), 2.55 (1H, d. J*4.2 Hz). 2.57 (1H. t. J=6.4 Hz). 2.98 (1H, d. Ja4.2 Hz). 3.13 (2H. q, J = 6.8 Hz). 3.45 (3H 
s). 3.64 (1H, dd, 11.2 Hz, J = 2.8 Hz). 4.79 (1H. m). 5.21 (1H, m), 5.48 (1H, br s). 



75 



30 



Example 10 



Sodium salt of O-carboxymethylcarbamoylfumagiilol 



25 




OCOMRCRi COON« 



In the same manner as In Example 8. fumaglllol (242 mg) was reacted with ethyl Isocyanatoacetate (135 
30 rng) with stirring at room temperature for 24 hours. Purification by silica gel column chromatography (n- 

hexane:ethyl acetate = 3:1) gave coioriess. oily Oethoxycarbonylmethylcarbamoylfumagillol. 

*H.NMR (CDCI3) 3: 1.08 (1H. m). 1.21 (3H. s). 129 (3H, t J-7.2 Hz), 1.65 (3H, s). 1.74 (3H. s). 1.5-2.5 (6H. 

m). 2.55 (1H. d. J = 4.2 Hz). 2.58 (1H, t J = 6.7 Hz), 2.98 (1H. d. J=4.2 Hz). 3.45 (3H. s). 3.63 (1H. dd. 

J = 11.2 Hz. J = 2.6 Hz), 3.87 '(1H, dd. J = 18.6 Hz, J =4.8 Hz). 4,06 (1H. dd. J = 18.6 Hz. J =6.0 Hz), 4.22 
35 (2H. q. J = 7.2 Hz). 5.1 5-5.35 (2H. m). 6.00 (1 H. m). 

To a solution of 0-ethbxycartDonylmethylcartDamoylfumagillol in ethanol (3 ml) was added 1 N sodium 

hydroxide (2 ml) and the mixture was stirred at room temperature for 2 hours. The reaction mixture was 

concentrated under reduced pressure, water was added to the residue and the mixture was washed with 

ethyl acetate. The aqueous layer was adjusted to pH 3 with oxalic acid and extracted with ethyl acetate. 
40 The extract was dried over anhydrous magnesium sulfate. Then the solvent was distilled off under reduced 

pressure to give light yellow, powdery Ocarboxymethylcarbamoylfumagillol (251 mg) (76% yield). 

»H-NMR (CDCIj) 6: 1.07 (IN, m). 1.22 (3H. s). 1.64 (3H. s). 1.75 (3H. s). 1.5-2.5 (6H. m). 2.56 (1H. d. J«4.2 

Hz), ^68 (1H. m). 2.97 (1H, d. J = 4.2 Hz). 3.44 (3H, s). 3.68 (1H, dd. J-11.2 Hz. J = 2.8 Hz). 3.99 (2H. m), 

5.1 9 (1 H. m). 5.47 (1 H. m). 5.62 (1 H, m) 
45 To Ocarboxymethylcarbamoylfumagillol (130 mg) was added water (1 ml), followed by portionwise 

addition of sodium hydrogen carbonate (40 mg) for dissolving the starting material. The solvent was distilied 

off under reduced pressure to give coioriess, powdery sodium salt of 0-carboxymethylcarbamoyifumagilIol 

(135 mg) (98% yield). 

m.p.: gradual decomposition above 200* C 
50 »H-NIVIR (OaO) S: 1.10 (1H. m). 1.23 (3H. s), 1.68 (3H. s). 1.77 (3H, s). 1.5-2.5 (6H, m), 2.78 (1H. d. J=3.2 

Hz). 2.90 (1H. m), 3.12 (1H. d. J-3.2 Hz), 3.45 (3H. 3). 3.70 (2H. s), 2.84 (IH. dd. J = 11.5 Hz. J = 2.6 Hz). 

5.29 (1H, m), 5,49 (IH. m). 



55 Exampl 11 



0-Phenylcarbamoyifumagillol 
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5 




In the same manner as in Example 8, fumagillol (568 mg) was reacted with phenyl isocyanate (600 mg) 
10 with stirring at room temperature for 10 hours. Purification by silica gel column chromatography (n- 
hexane:ethyl acetate = 4:1) gave colorless, powdery 0-phenylcarbamoylfumaglllol (310 mg) (39% yield). 
'H-NMR (CDCts) 5: 1.10 (1H, m). 1.23 (3H. s). 1.66 (3H. a). 1.75 (3H. s), 1.6-2.4 (6H, m), 2.56 (1H. d. J = 4.2 
Hz), 2.58 (1H. t, J»6.0 Hz), 3.00 (1H, d, J-4.2 Hz). 3.45 (3H, s), 3.70 (1H. dd, J-11.2 Hz, J = 2.8 Hz). 5.21 
(1H. m). 5.57 (1H. br s). 7.0-7.6 (6H. m). 



Example 12 



20 0-{m-Trifluoromethylphenylcarbamoyl)fumagillol 



25 




In the same manner as in Example 8, fumagillol (208 mg) was reacted with m-trifluoromethylphenyl 
isocyanate (207 mg) with stirring at room temperature for 15 hours. Purification by silica gel column 
chromatography (n-hexane: ethyl acetate = 4:1) gave colorless, powdery ©-(m-trifluoromethylphenylcar- 
bamoyl)fumagillol (285 mg) (82% yield). 
35 'H-NMR (CDCIa) «: 1.12 (IH, m), 1.23 (3H. s), 1.67 (3H. s). 1.75 (3H. s). 1,99 (1H, d, J = 11.2 Hz). 1.8-2.5 
(5H. m). 2.59 (2H. m). 3.00 (IH. d, J = 4.2 Hz). 3.48 (3H, s). 3.71 (IH, dd, J»112 Hz, J = 2.7 Hz). 5.21 (IH, 
m). 5.60 (IH. m), 7.00 (IH. br s). 7.25-7.60 (3H. m), 7.76 (IH. br s). 



40 Example 13 



0-(1-Naphtylcarbamoyl)fumagillol and CHN-(1-naphtylcarbamoyl)-N-(1-naphtyl)carbamoyl]fumagilIol 

45 • 



50 




55 In the same manner as in Example 8. fumagillol (220 mg) was reacted with l-naphtyl Isocyanate (135 
mg) with stirring at room temperature for 15 hours. Purification by silica gel column chromatography (n- 
hexanerethyl acetate = 9:1) gave colorless, powdery 0-(N-(1-naphtylcarbamoyl)-N-(l-naphtyl)carbamoyl]- 
fumagillol (215 mg) (44% yield). 
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'H-NMR (COCI3) «: 0.50 (1H, m). 0.90 (1H, m). 0.97 (3H x § . s). 1.07 (3H x J . s). 1.30 (1H, m). 1.67 (3H. s). 
1.77 (3H. s). 1.45-1.80 (2H. m). 1.9-2.4 {4H. m). 2.56 (1H x i . d, J = 4.2 Hz). 2.69 (1H x ? . d. J=4.2 Hz). 
3.35-3.55 (1H. m). 3.50 (3H x § . s), 3.52 (3H x § . s). 5.20 (1H. m). 5.65 (1H, br s). 7.4-8.3 (14H. m). 11.65 
(IH. br s). 

5 The subsequent iution from the siiica gel column with n-hexane-ethyl acetate (4:1) gave colorless, 
powdery 0-(1-naphtylcarbamoyl)fumagillol (161 mg) (46% yield). 

»H-NMR (CDCIs) 5: 1.10 (IH, m), 1.24 {3H. s), 1.67 (3H. s). 1.75 (3H. s), 1.6-2.5 (6H. m). 2.55 (IH. d. J=^4.2 
Hz), 2.59 (IH, m). 2.99 (IH, d, J = 4.2 Hz). 3.47 (3H. s). 3.70 (IH. dd. J = 11.2 Hz, J = 2.6 Hz), 5.22 (IH, m), 
5.63 (IH, br s), 7.19 (IH. br s), 7.4-8.0 (7H, m). 



Example 14 



15 0-Methylfumagii!ol 



20 




OCSi 



25 To a solution of fumgiilol (233 mg) in anhydrous THF (1.5 ml) and anhydrous OMF (1.5 ml) was added 
60% sodium hydride (70 mg) under Ice cooling, followed by slow dropwise addition of methyl iodide (230 
mg) and, after completion of the dropping, the mixture was stirred at 0* C tor 20 minutes. To the reaction 
mixture was added water and the mixture was extracted with ether. The organic layer was washed with 
saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was 

30 distilled off under reduced pressure and the residue was subjected to silica gel colum chromatography. The 
eluate obtained with tiie mixture of n-hexane and ethyl acetate (2:1) was concentrated under reduced 
pressure to give cotoriess, oily 0-methylfumagillol (281 mg) (95% yield). 

»H-NMR (CDCI3) S: 1.00 (IH. m), 1.21 (3H, s), 1.65 (3H, s). 1.74 (3H, s). 1.5-1.8 (IH. m), 2.04 (IH, d. 
J = 11.2 Hz), 1.95-2.25 (3H, m). ZZ-ZB (IH, m) ^52 (IH, d. J = 4.4 Hz), ^55 (IH, t, 0^=5.8 Hz). 2.96 (IH, d. 
35 J = 4.4 Hz). 3.44 (3H. s), 3.47 (3H, s), 3.59 (IH. dd. J»11.2 Hz, J=^6 Hz). 3.93 (IH, m), 5.21 (IH, m). 



Example 15 

40 

0-Octadecylfumagillol 



45 




0 <CBi ) I f CB. 



In the same manner as in Example 14. fumagillol (100 mg) was reacted with octadecyl Iodide (160 mg) 
with stirring at room temperature for 2 days. Purification by silica gel column chromatography 
(dichlorometiiane) gave crystals, which were recrystallized from metiianol-water to give coloriess. crystalline 
0-octadecylfumagillol (85 mg) (45% yield). 
55 m.p.: 58-59 'C 

^H-NMR (CDCI3) 5: 0.88 (3H, t J=»6.5 Hz), 1.00 (IH, m). 121 (3H. s), 1.25 (30H, s). 1.5-17 (3H, m), 1.63 
(3H. s) 1.73 (3H, s). 1.9-2.4 (5H. m). 2.49 (IH. d, J-4.2 Hz). 2.56 (IH. t, J = 5.8 Hz). 2.94 (IH, d. J=4.2 Hz). 
3.45 (3H. s), 3.4.3.6 (3H, m). 3.98 (1 H, m). 5.21 (1 H, m). 
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Example 16 

O-Carboxymethylfumagillol 



10 




OCHi COOK 



In the same manner as in Example 14, fumaglilol (211 mg) was reacted with bromoacetic acid (135 mg) 
75 at room temperature for 2 hours. To the reaction mixture was added water and the mixture was washed with 
ether. The aqueous layer was adjusted to pH 4 with diluted hydrochloric acid and extracted with ether. The 
extract was dried over anhydrous magnesium sulfate and the solvent was distilled off under reduced 
pressure to give colorless, oily Ocartxjxymethylfumaglllol (191 mg) (75% yield). 

^H-NMR (CDCI3) 5: 1.03 (1H, m). 1.24 (3H. s), 1.66 (3H, s). 1.76 (3H. s), 1.7-2.4 (6H. m), 2.57 (1H. d. J=4.2 
20 Hz). 2.60 (1H, t. J a 5.8 Hz), 2.95 (1H, d, J«4.2 Hz). 3.58 (3H, 5), 3.70 (1H, dd. J«11.2 Hz,- J = 2.6 Hz). 3.97 
(1 H, br s). 4.05 (1 H. d, J = 1 7.5 Hz).. 4.30 (1 H, d, J « 1 7.5 Hz), 5.20 (1 H. m). 



Example 17 

55 

0-Benzylfumagilloi 



30 




I^n the same manner as in Example 14, fumagillol (119 mg) was reacted with benzyl bromide (110 mg) 
at 0* C for 30 minutes. Purification by silica gel column chromatography (n-hexane:ethyl acetate =5.1) gave 
colorless, oily 0-benzylfumagillol (151 mg) (96% yield). 

'H-NMR (CDCI3) S: 1.02 (1H, m), 1^ (3H, s), 1.68 (3H, s). 1.69 (1H. m). 1.75 (3H. s). 2.00 (1H. m), 2.1-2.25 
(3H. m), ^45 (1H, m). ^50 (1H, d. J -4.2 Hz), 2.57 (1H. t J-5.8 Hz). 2.98 (1H, d, J«4.2 Hz), 3.41 (3H. s), 
3.59 (1H. dd. J-11.2 Hz, J-2.6 Hz). 4.10 (1H, br 5), 4.72 (2H, ABq, Ja13 Hz). 5.23 (1H. m), 7.2-7.45 (5H, 
m). 



Example 18 



0-(p-Bromobenzyl)fumagillol 



55 




19 



EP 0 357 061 A1 



In the same manner as in Example 14. fumagillol (100 mg) was reacted with p-bromobenzyl bromide 
(354 mg) at o'C for 1 hour. Purification by silica gel column chromatography (n-hexane:ethyl acetate = 
5:1) gave colorless, oily 0-(p-bromobenzyl)fumagillol (135 mg) (84% yield). 

»H-NMR (COCb) S: 1.01 (1H, m). 1^1 (3H. s). 1.65 (3H. s). 1.74 (3H. s). 1.55-1.7 (1H. m). 1.9-2.5 (4H. m). 
5 2.12 (1H, d. J = 11.0 Hz). 2.52 (1H, d. J=4.4 Hz), 2.57 (1H. t J = 6.2 Hz). 2.96 (1H. d. J = 4.4 Hz). 3 41 (3H 
s). 3.58 (1H. dd, J=i11.0 Hz, J = 2.4 Hz), 4.09 (1H. m). 4.65 (2H, ABq. J = 12.8 Hz), 5.21 (1H. m) 727 (2H 
d, J = 8.6 Hz). 7,45 (2H.d. J =8.6 Hz). • v . 



70 Example 19 

0-{2.3-Epoxypropyl)fumagillol 



20 




In the same manner as in Example 14. fumagillol (215 mg) was reacted with epibromohydrin (125 mg) 
25 at room temperature for 5 hours. Purification by silica gel column chromatography (n-hexane:ethyl acetate 
= 2.1) gave colorless, oily 0-(2.3-epoxypropyl)fumagilIol (225 mg) (87% yield). 

^H-NMR (CDCI3) 3: 0.98 (1H, m). 1.22 (3H. s). ,1.63 (3H, x J. s). 1.65 (3H x i. s). 1.75 (3H. s), 1.6-1,7 (1H. 
m), 1.9-^4 (5H. m). 2.5-2.65 (3H. m). 2.77 (1H. m), 2.96 (1H. d. J = 4.2 Hz). 3.17 (1H, m). 3.47 (3H. x i, s) 
3.50 (3H X h s), 3.35^.05 (2H. m), 4.02 (1 H x J, br s). 4.07 (1 H x i, br s). 5.21 (1 H. m). 

30 ' 

Example 20 



0-(p-ToluenesulfonyI)fumagilIoi 



40 




45 To a solution of fumagillol (3.00 g) and dimethylaminopyridine (3.24 g) in anhydrous dichloromethane 
(30 ml) was added p-toluenesulfonyl chloride (3.04 g) and the mixture was stirred overnight at room 
temperature. The reaction mixture was diluted with dichloromethane, washed with saturated aqueous 
sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure and the residue was subjected to silica gel column chromatography using n-hexane-ethyl 

50 acetate (4:1) as an eluent The eluate was concentrated under reduced pressure and the resulting crude 
crystals were recrystallized from diisopropyl ether to give coloriess, crystalline 0-{p-toluenesulfonyl)- 
fumagillol (2.88 g). 
m.p.: 123-124*0 

'H-NMR (CDCI3) «: 1.14 (1H. m). 1.16 (3H. s). 1.67 (3H, s). 1.70 (3H. s). 1.84 (1H, m). 1.95 (1H. d. J«10.7 
55 Hz), Z04-2.47(4H. m). 2.44 {3H. s), 2.55 (1H. d. J-4.3 Hz), 2.56 (1H, t J-6.4 Hz). 2.94 (1H, d, J-4.3 Hz). 
3.02 (3H. s), 3.50 (1H, dd, J-10.7 Hz, J = 2.5 Hz), 5.07 (1H, m). 5.19 (1H. m). 7.33 (2H. d, J = 8.2 Hz). 7.87 
(2H. d. J a 8.2 Hz). 
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Example 21 



0-Methylsulf ony Ifumagi llol 



5 



10 




OSOt CR» 



To a solution of fumagillol (500 mg) and dimethylaminopyridine (541 mg) in anhydrous dichioromethane 
15 (5 ml) was added dropwise methanesulfonyl chloride (0^1 ml) under ice cooling and the mixture was stirr d 
at room temperature for 1 hour. The reaction mixture was diluted with ethyl acetate, washed with water and 
saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure and the residue was subjected to silica gel column chromatography 
using n-hexane-ethyl acetate (2:1) as an eluent The eluate was concentrated under reduced pressure to 
20 give 0*methylsulfonylfumagillol as a coloriess oil (561 mg). 

^H-NMR (CDCb) 5: 1.12 (1H. m). 1.20 (3H. s), 1.66 (3H. s). 1.75 (3H. s). 1.93 (1H. d. J = 11.4 Hz), 1.85-2.45 
(4H. m). 2.58 (IH, t. J = 6.4 Hz), 2.59 (1H. d. J = 4.2 Hz), 2.99 (1H. d. J=4.2 Hz), 3.14 (3H. s), 3.53 (3H, s), 
3.65 (1H. dd, J =2.4 Hz). J = 11.4 Hz), 5.20 (1H, m). 5.39 (1H, m). 

25 

Example 22 



0-Phenoxycarbonylfumagillol 



^ Fumagillol (133 mg) and dimethylaminopyridine (115 mg) were dissolved in dichioromethane (3 ml), 
followed by addition of phenyl chlorofonmate (ill mg). The mixture was stirred at room temperature for 30 
minutes: After addition of water, the mixture was diluted with dichioromethane (30 ml), washed with water 
and saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent 
was distilled off under reduced pressure and the residue was subjected to silica gel column chromatog- 
raphy (eluent n-hexane-ethyl acetate = 5:1) to give coloriess. oily 0-phenoxycarbonylfumagillol (I74 mg) 
(92% yield). 

^H-NMR (CDCU) J: 1.10 (1H, m), 1.22 (3H, s), 1.66 (3H, s), 1.75 (3H, s), 1.8-2,45 (6H. m). 2.56 (IN, d. 
J = 4.4 Hz), 2.59 (1H, t J = 6.4 Hz), 2.99 (1H, d. J =4.4 Hz). 3.50 (3H. s). 3.69 (1H, dd, J = 11.2 Hz. J =2.6 
Hz), 5.18 (IH, m). 5.58 (1H, br s), 7.15-7.45 (5H. m), 

50 

Example 23 



0-Carbamoylfumagillol 



30 



as 
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5 




OCONHi 



O-PhenoxycarbonyifumagiHol (402 mg) was dissolved in ethanol (5 ml), followed by addition of 
concentrated aqueous ammonia (3 ml). The mixture was sitrred at room temperature for 3 hours. The 
70 solvent was distilled off under reduced pressure and the residue was subjected to silica gel column 
chromatography (eluent n-hexane-ethyl acetate « 1:1) to give colorless, powdery O-carbamoylfumagillol 
(273 mg) (84% yield), 
m.p.: 125-126*0 

^H-NMR (CDCIa) S: 1.07 (1H, m). 1.21 (3H. s), 1.66 (3H. s), 1.75 {3H, s). 1.6.^5 (6H. m). 2.55 (1H. d, J = 4 4 
IS Hz), 2.57 (1 H. t, J = 7.4 Hz). 2.98 (1 H, d. J = 4.4 Hz), 3.45 (3H, s), 3.65 (1 H. dd. J » 1 1 .4 Hz. J « 2.8 Hz) 5 09 
(2H. br s). 5.21 (1 H, br t, J = 7.6 Hz). 5.46 (1 H, br s). 

Example 24 

20 

O-Morpholinocarbonylfumagillol 



25 



30 




In the same manner as in Example 23, O-phenoxycarbonyifumagillol (173 mg) was reacted with 
morpholine (200 mg) with stin'ing at room temperature for 20 hours. Purification by silica gel column 
chromatography (eluent n-hexane^thyl acetate « 1:1) gave colorless, oily 0-morpholinocarbonylfumagillol 
(148 mg)(S7% yield). 

*H-NMR (CDCI3) S: 1.11 (IN. m), 1.21 (3H. s), 1.66 (3H, s), 1.74 (3H. s), 1.6-2.5 (6H. m), 2.55 (1H. d. J = 4.2 
Hz), 2.57 (1H, t. J=»5.6 Hz). 2.99 (1H, d. J»4.2 Hz). 3.48 (3H. s). 3.47 (4H, m). 3.68 (5H. m), 5.21 (IH. m). 
5.57 (1H. br s). 

40 

Example 25 



0-Piperidinocarbonylfumagillol 



50 




In the same manner as in Example 23, O-phenoxycarbonylfumagillol (193 mg) was reacted with 
piperidine (222 mg) with stinring at room temperature for 6 hours. Purification by silica gel column 
chromatography (eluent n-hexane-ethyl acetate « 4:1) gave colorless, oily O-piperidinocarbonylfumagillol 
(187 mg) (99% yield). 
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'H-NMR (CDCia) 5: 1.10 (1H. m). 1.22 (3H. s). t.57 {6H. m). 1.66 (3H. s). 1.74 (3H. s). 1.8-2.5 (6H. m) 2 55 
(IH. d. J = 4.2 Hz). 2.59 (1H. t, J = 6.4 Hz). 2.99 (1H, d. J = 4.2 Hz). 3.42 (4H. m). 3.46* (3H. s), 3.64 (1H dd 
J = 1 1 .0 Hz. J = 2.8 Hz), 5.22 (1 H. m), 5.56 (1 H, br s). 



Example 26 



O'Carbazoylfumagillol 

10 




aCOMSNRt 



In the same manner as in Example 23, 0-phenoxycarbonylfumagiIIol (400 mg) was reacted with 
20 hydrazine (120 mg) with stirring at room temperature for 1 hour. Purification by silica gel column 
chromatography (eluent n-hexane-ethyl acetate = \:2) gave light yellow, powdery O-carbazoylfumagilloI 
(169 mg) (50% yield). 

'H-NMR (CDCI3) 5: 1.07 (IH. m). 1.21 (3H. s). 1.65 (3H. s). 1.74 (3K s). 1.6-2.5 (6H, m). 2.55 (IH. d. J = 4.2 
Hz). 2.56 (IH. t. J=6.4 Hz). ^98 (IH, d. J^42 Hz). 3.47 (3H. s). 3.65 (IH. dd. J « 11.2 Hz. J = 2.8 Hz), 3.70 
25 (2H, br s), 5.20 (1 H. m). 5.55 (1 H, m), 6.1 9 (1 H, br s). 



Example 27 

30 

0*(1 •lmidazolylcarbonyt)fumagillol 



35 




To a solution of fumagillol (236 mg) In dichloromethane (5 ml) was added l.l'-carbonyldiimidazole (410 
mg) and the mixture was stirred at room temperature for 1 day. The reaction mixture was concentrated 
under reduced pressure and the residue was subjected to silica gel column chromatography (eluent: n- 
45 hexane-ethyl acetate « 3:2) to give colorless, oily 0-(1-imidazolylcarbonyl)fumagillol (275 mg) (90% yield). 
^H-NMR (CDCb) a: 1.20 (IH, m*). 1.23 (3H, s). 1.67 (3H. s). 1.75 (3H. s). 1.91 (IH. d. J = 11.2 Hz), 1.8-2.5 
(5H. m). 2.62 (1H. t, J =6.4 Hz). 2.62 (1H. d. J«4.2 Hz). 3.04 (IH, d. J=4.2 Hz), 3.52 (3H. s). 3.77 (1H. dd. 
J = 11 .2 Hz, J = 2.6 Hz), 5.21 (IH, m), 5.83 (IH. br s). 7.06 (IH, d. J»1.4 Hz), 7.41 (IH. t. J = 1.4 Hz). 8.12 
(1H.S). 



Example 28 



55 0-(2-dimetiiyIaminoethylcarbamoyl)fumagllloI 
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^ OCONBCRtCffi N(CBi>i 

To a solution of 0-(1-imida2o!ylcafbonyl)fumagi(lol {270 mg) in dichloromethane (3 ml) was added 2- 
dimethylaminoethylamine (90 mg) and the mixture was sitrred at room temperature for l day. The reaction 

10 mixture was diluted with ethyl acetate, washed with saturated aqueous sodium hydrogen carbonate solution, 
water and saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The 
solvent was distilled off under reduced pressure and the residue was subjected to silica gel column 
chromatography (eluent chloroform-methanol = 20:1) to give colorless, powdery 0-(2-dimethylaminoethyl- 
carbamoyljfumagillol (139 mg) (53% yield). 

75 'H-NMR (CDCI3) S: 1.08 (IH. m), 1.22 (3H. s). 1.66 {3H. s), 1.75 (3H. s). 2.23 (6H. m), 1.6-2.5 {6H. m). 2.41 
(2H. t J = 6.0 Hz). 2.55 (1H. d. J = 4.4 Hz). 2.58 (1H, t J = 6.6 Hz), 2.98 (1H. d. J =4.4 Hz). 3.23 (2H. m) 
3.46 (3H. s). 3.65 (1 H, dd. J = 1 1 .2 Hz. J = ^8 Hz). 5.21 (1 H. m). 5.39 (1 H. br t). 5.50 (1 H. br s). 



so Example 29 



0-AcetylcarbamoyifumagiIlol 

25 




OCONRCOCRi 



In the same manner as in Example 8. fumaglllol (700 mg) was reacted with acetyl isocyanate (500 mg) 
with stirring at room temperature for 10 minutes. Purification by silica gel column chromatography (eluent: 
35 n-hexaneethyl acetate = 2:1) gave colorless, syrupy 0-acetylcarbamoylfumagillol (825 mg) (91% yield), 
^H-NMR (CDCI3) 5: 1.10 (1H. m), 1.21 (3H. s). 1.68 (3H. s), 1.75 (3H. s), 1.8-2.5 (6H. m). 2.39 (3H. s). 2.57 
(1H. t. J=6.8 Hz). 2.58 (1H, d, J = 4.2 Hz), 2.99 (1H. d. J=4.2 Hz), 3.47 (3H. s). 3.68 (1H, dd, J = 11.4 Hz. 
J=2.8 Hz). 5.20 (IH. m), 5.57 (1H, br s). 8.03 (1H. br s). 

40 

Example 30 

0-OichloroacetylcarbamoylfumagiIlol 

45 



50 




OCOKRCOCRCI t 

In the same manner as in Example 8, fumagillol (570 mg) was reacted with dichloroacetyl isocyanate 
gj (500 mg) with stinlng at room temperature for 10 minutes. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl acetate = 3:1) gave colorless, syrupy O-dichloroacetylcarbamoylfumagillol (789 mg) 
(90% yield). 

^H-NMR (CDCI3) «: 1.11 (IH. m). 1.22 (3H, s). 1.67 (3H, s), 1.75 (3H, s), 1.96 (IH, d, J = 11.2 Hz), 1.6-2.6 
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(6H, m), 2.58 (1H, d. J = 4.2 Hz), 2.99 (1H, d. J=4.2 Hz), 3.48 (3H, s). 3,71 (1H. dd. J = 11.2 Hz, J = 2.8 Hz), 
5.20 (1 H. m), 5.64 (1 H. m), 6.38 (1 H, s). 8.50 (1 H. s). 



5 Example 31 



O-Trichloroacetylcarbamoylfumagiilol 



70 



75 




OCONUCOCC/t 



In the same manner as in Example 8, fumagillol (355 mg) was reacted with trichloroacetyl isocyanate 
(355 mg) with stirring at room temperature for 10 minutes. Purification by silica gel column chromatography 
20 (eluent n-hexane-ethyl acetate =» 7:2) gave colorless, powdery 0-trich!oroacetylcarbamoytfumagiil6l (258 
mg) (44% yield). 

»H-NMR (COCI3) «: 1.11 (IH. m). 1,22 (3H, s), 1.68 (3H. s). 1.75 (3H, s). 2.00 (IH. d, J = 11.4 Hz), 1.6-2.7 
(6H. m). 2.58 (IH. d, J-4.2 Hz). 3.01 (IH. d. J»4.2 Hz), 3.50 (3H. s). 3.73 (IH. dd. J = 11.4 Hz. 0 = 2.8 Hz). 
5.20 (IH, m). 5.71 (IH, m), 8.68 (IH. br s). 

25 

Example 32 



30 OBenzoylcarbamoylfumagillol 



as 




In the same manner as in Example 8. fumagillol (510 mg) was reacted with benzoyl isocyanate (530 
mg) with stirring at room temperature for 30 minutes. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl acetate » 3:1) gave colorless, powdery 0-benzoylcarbamoylfumagllIol (450 mg) 
(58% yield). 

'H-NMR (CDCI3) i: 1.09 (IH. m), 1.20 (3H. s). 1.65 (3H, s), 1.74 (3H. s). 1.6-2.45 (6H, m). 2.55 (IH. d. 
J = 4.2 Hz). 2.56 (1H. t. J=«7.0 Hz). 2.97 (IH. d, J-4,2 Hz), 3.42 (3H, s). 3.68 (IH. dd. J-11.4 Hz. J = 2.6 
Hz). 5.19 (IH, br t. J = 7.4 Hz). 6.65 (IH. br s). 7.4-7.6 (3H. m). 7.89 (2H. dd. J = 7.0 Hz. J = 1.4 Hz). 8.88 
(IH. br s). 



50 

Example 33 



0*Methacryloyicarbamoylfumagillol 

55 
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5 




In the same manner as in Example 8, fumaglllol (1 g) was reacted with methacryloyl isocyanate (900 
mg) with stining at room temperature for 10 minutes. Purification by silica gel column chromatography 
iQ (aiuent n-hexane-ethyl acetate = 2:1) gave colorless, powdery Omethacryloylcarbamoylfumagillol (511 
mg) (37% yield), 
m.p.: 48* C 

'H-NMR (CDCI3) 5: 1.10 (1H. m). 1.22 (3H. s). 1.66 (3H. s). 1,78 (3H, s), 2.00 {3H. s), 1.6-2.5 (6H, m). 2.57 
(1H, d, J = 4.4 Hz). 2.60 (1H. t J=6.0 Hz). 2.99 (1H. d. J =4.4 Hz), 3.47 (3H, 3). 3.70 (1H. dd. 0 = 11.4 Hz. 
js J = 2.8 Hz), 5.21 (1 H. m). 5.58 (1 H, d. J = 1 .6 Hz). 5.64 (1 H. d, J « 2.6 Hz). 5.79 (1 H. s), 7.94 (1 H, br s). 



Example 34 

20 

0-(2-ChloroethyIcarbamoyl)fumagllIol 




OCONBCHt CHt Ci 

30 * 

In the same manner as in Example 8, fumagillol (263 mg) was reacted with 2-chloroethyl isocyanate 
(150 mg) with stirring at room temperature for 1 day. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl acetate = 3:1) gave coloriess, powdery 0-(2-chloroethylcarbamoyl)fumagillol (100 
mg) (29% yield), 

35 'H-NMR (CDCI3) «: 1.08 (1H, m). 1.21 (3H. s), 1.66 (3H, s). 1.75 (3H, s). 1.6-2,5 (6H. m), 2.56 (1H. d. 0 = 4.4 
Hz). 2.57 (IH. t. J=8.0 Hz). 2.98 (1H, d, J=4.4 Hz), 3.46 (3H, s), 3.4-3.7 (5H. m). 5.20 (2H. m). 5.50 (1H, br 
s). 



4Q Example 35 



0-(p-ChIorophenylcarbamoyl)fumagillol 



50 




In the same manner as in Example 8, fumagillol (248 mg) was reacted with p-chlorophenyl isocyanate 
55 (200 mg) with stining at room temp rature for 1.5 hours. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl acetate a 5:1) gave coloriess. powdery 0-(p-chlorophenylcarbamoyl)fumagillol (298 
mg) (78% yield). 

»H-NMR (CDCb) S: 1.09 (IH. m). 1.24 (3H, s). 1.66 (3H. s), 1.75 (3H, s), 1.6-2.5 (6H. m). ^56 (IH, t, J = 6.4 
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H2).2.57(1H.d. J = 4^H2).2.99(iH.d.J-4.2H2).3.40(3H s) 369MH I = 
OH. m,.5.57 (,H. br s). 7^4 (2H. d. J = 9.0 H.). 7.32 (1H. b "sJ^'.ST^ fsS.^ci.^^ro H^^ 



H2. J = 2.6 Hz). 5.20 



s Example 36 



0-(p-Nitrophenylcarbamoyl)fumagiiIoI 



70 



15 




„ m r,), M4 „H. b, „. 7.62 (2H. d. i-w „" SS's'^ 2 J-L ^ifjm,""-' 



Example 37 



30 



0-(2.4-Difluorophenylcarbamoyl)fumagilIol 



35 



40 



45 



so 



bamoylZ^ilL (2^ mguS'S) ^ "'^'^^ 0-(2.^i""orophenylcar. 

s). 6.8-7.0 (3H. mj: 8.Ji ^H. jTohJ ^■^'^ (^"- 

Example 38 



0-(p-Toluen8Sulfonylcarbanioyl)fumagilIol 
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In the same manner as in Example 8. fumagillol (213 mg) was reacted with p-toluenesulfonyl isocyanate 
(250 mg) with stirring at room temperature for 2 hours. Purification by silica gel column chromatography 
(eiuent n-hexane-ethyi acetate = 2:1) gave colorless, powdery 0*(p-toluenesuIfonyicarbamoyl)fumagillol 
(247 mg) (68% yield). 

'H-NMR (CDCIa) 5: 1.08 (1H. m), 1.18 (3H. s). 1.68 (3H, s). 1.75 (3H. s). 2.44 (3H. s). 1.6-2.6 (6H m) 2 55 
(1H. d. J = 4.2 Hz). 2.57 (1H. t J = 6.3 Hz), 3.26 (3H. s), 3.60 {1H. dd. J = 11.2 Hz. J =2.6 Hz). 5 19 (IIH m) 
5.42 (1 H. br s). 7.34 (2H. d. J = 8.0 Hz). 7.94 (2H. d, J = 8.0 Hz). 8.60 (1 H. br s). 



Example 39 



0-[1-(4-Ethyipiperazinyl)carbonyl]fumagilloi 




*OCHt 
OCOW^ VcHt CHi 



To a solution of fumagillol (235 mg) and dimethylaminopyridine (425 mg) in dichloromethane (3 ml) was 
added 1-(4-ethylpiperazinyl)carbonyl chloride (325 mg) and the mixture was stirred at room temperature for 
3 hours. The reaction mixture was diluted with ethyl acetate, washed with water and saturated aqueous 
sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure and the residue was purified by silica get column chromatography (eiuent n-hexane-ethyl 
acetate = 5:1) to give colorless, powdery 0-t1-(4-ethyIpiperazinyl)cart5onyl]famagiIIoI (134 mg) (38% yield) 
'H-NMR (CDCI3) S: 1.05 (1H. m). 1.19 (3H. s). 1.22 (3H. t J = 7.2 Hz), 1.66 (3H. s). 1.75 {3H, s). 1.6-27 
(12H. m). 2.24 (1H, d. J = 4.2 Hz). 2.62 (IH. t J = e.2 Hz). 2.98 (1H. d. J=4.2 Hz), 3.49 (3H. s). 3.69 (1H. dd. 
J = 11.2 Hz. J = 2.4 Hz). 3.4^.2 (4H. m). 5.20 (IH, m), 5.70 (IH. br s). 



Example 40 



0-AcetoxyacetylcarbamoylfumagilIol 




OCOKBCOCR, OCOCKi 

To a solution of 0-chloroacetyIcart3amoylfumagillol (201 mg) in dimethylformamid (3 ml) was added 
sodium ac tate (200 mg) and the mixture was stln-ed at 80* C for 1 hour. The reaction mixture was diluted 
with ettiyl acetat . washed with water and saturated aqueous sodium chloride solution and dried over 
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anhydrous magn sium sulfate. The solvent was distilled off under reduced pressur and the residue was 
purified by silica gel column chromatography (eluent n-hexane-ethyi acetate ^ 2:1) to give colorless, 
powdery O-acetoxyacety Icarbamoytfumagillol (1 65 mg) {77% yield). 

»H-NMR (CDCb) S: 1.10 (IH. m). 1.21 (3H. s). 1.65 (3H, s), 1.74 (3H. s). 1.6-2.5 (6H. m), 2.18 (3H, s). 2.56 
5 {2H, m). 2.99 (IH. d. J = 4.0 Hz), 3.45 {3H. s). 3.67 (1H, dd. J=»11.0 Hz. J =2.4 Hz). 4.96 (IH, d, J = 17.4 
Hz). 5.06 (1 H, d. J = 1 7.4 Hz), 5.1 9 (1 H, br t. J = 7.0 Hz). 5.56 (1 H. br s). 8.55 (1 H, s). 



Example 41 

10 

0-Acetylthloacetylcarbamoylfumagillol 



;s 




OCONRCOCRi SCOCRt 

20 

To a solution of 0-chloroacetylcarbamoylfumaglilol (155 mg) in dimethylformamide (2 ml) was added 
potassium thioacetate (70 mg) and the mixture was stirred at room temperature for 1 minute. The reaction 
mixture was diluted with ethyl acetate, washed with water and saturated aqueous sodium chloride solution 
25 and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure and the 
residue was purified by silica gel column chromatography (eluent n-hexane-ethyl acetate = 2:1) to give 
coloriess. powdery O-acetylthioacetylcarbamoyifumagillol (156 mg) (92% yield) 

^H-NMR (CDCb) 3: 1.10 (IH, m), 1.22 {3H, s), 1.67 (3H, s). 1.76 (3H, s). 1.8-2.5 (6H, m). 2.43 (3H. s), 2.43 
(3H, s), 2.59 (IH. d, J =4.2 Hz), 2.60 (IH. t. J = 6.7 Hz), 3.00 (IH, d. J = 4.2 Hz). 3.48 (3H. s), 3.69 (IH, dd. 
30 J = 1 1 .2 Hz, J = 2.6 Hz), 3.97 (1 H. d. J = 16.2 Hz). 4.07 (1 H. d. J » 16.2 Hz). 5^1 (1 H. m). 5.63 (1 H. m), 8.32 
(IH, br s). 



Example 42 

35 

0-(2-6enzothiazoiylthioacetylcarbamoyl)fumagillol 



40 



45 




To a solution of O-chloroacetylcarbamoytfumagillol (160 mg) in dimethylformamide (2 mt) was added 2* 
mercaptobenzothiazole sodium (95 mg) and the mixture was stirred at room temperature for 1.5 hours. The 
reaction mixture was diluted with ethyl acetate, washed with water and saturated aqueous sodium chloride 
solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure 
and the residue was pudfied by silica gel column chromatography (eluent n-hexane-ethyiacetate = 3:1) to 
give colorless, powdery 0-(2-benzothiazolylthloacetylcarbamoyl)fumagillol (152 mg) (72% yield). 
'H-NMR (CDCI3) B: 1.00 (IH. m). 1.20 (3H, s). 1.68 (3H. s). 1.78 (3H, s), 1.6-2.5 (7H. m), 2.51 (IH, d. J«4.2 
Hz), 2.98 (1H, d. J a 4.2 Hz), 3.48 (3H. s), 3.66 (IH, dd, J = 11.4 Hz. J =2.8 Hz), 4.05 (IH, d. J = 14.8 Hz). 
4.24 (1H. d. J = 14.8 Hz). 5.22 (IH. m). 5,65 (1H, br s), 7.3-7.5 (2H, m), 7.79 (IH. dd. J=7.2 Hz. J = 1.4 Hz), 
7.88 (1 H. dd, J = 7.2 Hz. J = 1 .4 Hz). 1 0.24 (1 H. br s). 
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Example 43 



0-[(Pyridine-N-oxide-2-yl)thioacetyIcarbamoyl]fumagillol 



5 



10 




OCONBCOCBt S 



'5 In the same manner as in Example 42. O<hloroacetylcarbamoylfumagillol (144 mg) was reached with 
sodium pyridine-N-oxide-2-thiolate (60 mg) with stirring at room temperature for 10 minutes. Purification by 
silica gel column chromatography (eluent chloroform-metfianol » 20:1) gave colorless, powdery 0-(- 
(pyridlne-N-oxide-2-yl)thioacetylcarbamoyl]fumagillol (150 mg) (85% yield). 

'H-NMR (CDCI3) a: 1.07 (1H. m). 1.21 (3H. s). 1.65 (3H. s), 1.74 (3H, s), 1.8-2.4 (6H. m), ^55 (1H, d. J=4.4 
20 Hz). 2.57 (1H, t. J =6,5 Hz), 2.98 (1H. d. J =:4.4 Hz). 3.46 (3H, s). 3.68 (1H. dd, J =» 11 .4 Hz. J = 2.6 Hz). 3.94 
(1H. d. J = 15.4 Hz). 4.13 (IH, d. J = 15.4 Hz). 5.19 (1H. m). 5.60 (1H. m). 7.1-7.35 (2H. m). 7.50 (1H, d, 
J = 7.2 Hz). 8.33 (IH, d. J = 6.2 Hz). 9.29 (IH, br s). 



25 Example 44 



0-OiethylaminoacetylcarbamoyIfumagillol 



To a solution of 0-chloroacetylcarbamoylfumagilIol (154 mg) and triethylamine (35 mg) in toluene (2 ml) 
was added diethylamine (70 mg) and the mixture was stirred at room temperature for 1 day. The reaction 
^ mixture was diluted with ethyl acetate, washed with water and saturated aqueous sodium chloride solution 
and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure and the 
residue was purified by silica gel column chromatography (eluent n-hexane-ethyl acetate = 2:1) to give 
colorless, syrupy 0-dlethylaminoacetylcarbamoylfumagilIol (85 mg) (51% yeild). 

^H-NMR (COCIa) 5; 1.08 {6H. t J = 7.2 Hz). 1,10 (IH, m), 1.22 (3H. s). 1.66 (3H. s), 1.74 (3H, s). 1.5-2.7 
45 (1 2H. m), Z9Q (2H. d. J = 4.2 Hz), 3.1 5 (2H, t J = 7.5 Hz), 3.48 (3H. s), 3.68 (1 H. dd. J = 1 1 .2 Hz. J = 4.6 Hz). 
5.20 (IH. m), 5.67 (IH, m), 55 (IH. br s). 



30 




OCOMHCOCBt K (CSi CBi )t 



Example 45 



50 



0-Dlphenylmethylfumagiliol 



55 
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5 




In the same manner as in Example 14, fumagillol (221 mg) was reacted with diphenylmethyl bromide 
JO (290 mg) with stirring at room temperature for 3 hours. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl-acetate = 10:1) gave colorless, oily 0-diphenytmethylfumaglllol (100 mg) (28% 
yield). 

^H-NMR (CDCb) 5: 0.98 (1H. m), 1.19 (3H. s), 1.58 (1H, m), 1.65 {3H. s), 1.73 (3H, s), 1.9-2.4 (SH. m). 2.49 
(1H. d, J = 4.2 H2). 2.57 (IH. t. J = 6:4 Hz), 2.96 (1H. d. J = 4.2 Hz). 3.22 (3H. s). 3.51 (1H, dd. J=sl1.2 Hz, 
15 j = 2.4 Hz), 4.12 (IH. br s), 5.21 (IH, m). 5.67 (IH, s), 7.1-7.5 (10H, m). 



Example 46 

20 

0*(1 *Naphthylmethy [)fumagillol 



25 




In the same manner as In Example 14. fumagillol (221 mg) was reacted with 1-chloromethylnaphthatene 
(215 mg) with stining at room temperature for 2 hours. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl acetate » 10:1) gave colorless, crystalline 0-(l-naphtylmethyl)fumagtllol (269 mg) 
3^ (78% yield), 
m.p.: 70-71 *C 

'H-NMR (COCb) S: 0.95 (IH, m). 1^ (3H. s). 1.65 (3H. s). 1.74 (3H. s), 1.5-2.5 (6H. m). 2.49 (IH. d. J = 4.4 
Hz), 2.57 (IH. t J = 6.4 Hz), 2.94 (IH. d. J-4.4 Hz). 3.42 (3H, s), 3.59 (IH. dd. J«11.0 Hz. J = 2.4 Hz). 4.20 
(IH, m), 5.03 (IN, d. J = 11.4 Hz), 5.21 (IH, m). 5.28 (IH, d. J»11.4 Hz), 7.4-7.6 (4H. m), 7.8-7.9 (2H. m). 
8.23 (1H.m). 



Example 47 
0-(4-Plcolyl)fumagiIlol 




In the same manner as in Example 14. fumagillol (272 mg) was reacted with 4-picoiyl chloride 
hydrochloride (240 mg) with stining at room temperature for 2 hours. Purification by silica gel column 
chromatography (eluent n-hexane-ethyl acetate = 1:1) gave colorless, oily 0-(4-pIc lyl)fumagiIloi (308 mg) 
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(85% yield). 

»H-NMR (CDCb) «: 1.05 (1H. m). 1.22 (3H. s). 1.66 (3H. s). 1.74 {3H. s), 1.75 (1H. m). 1.95.2.45 (5H m) 
2.55 {1H, d. J=»4.2 Hz). 2,59 (1H. t. J =6.4 Hz), 2.98 (1H. d. J = 4.2 Hz). 3.48 (3H. s). 3.63 (1H. dd, J = 11 2 
Hz. J=2.4 Hz). 4.14 (1H. m). 4.67 (1H. d, J = l3.8 Hz). 4.81 {1H. d. J = 13.8 Hz). 5.21 (1H. m), 7.31 (2H d 
J = 5.8Hz). 8.56(2H. d. J=5.8Hz). ' ' 



Example 48 



0-(0-Bromomethylbenzyl)fumagilIol 




In the same manner as In Example 14. fumagillol (264 mg) was reacted with 1.2-dlbromomethylbenzene 
(297 mg) with stirring at room temperature for 20 minutes. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl acetate = 5:1) gave colorless, oily 0-(0-bromomethylbenzyl)fumagillol (145 ma) 
(33% yield). ^ 
'H-NMR (CDCIa) a: 1.01 (1H. m). 1.21 (3H, s). 1.65 (3H. s). 1.68 (1H, s). 1.74 (3H. s). 2.0-2.4 (5H. m) 2 52 
(1H. d. J = 4.2 Hz). 2.55 (1H, t. J = 6.4 Hz), ^95 (1H. d, J = 4.2 Hz). 3.41 (3H. s), 3,59 (IH, dd. J = 11 2 Hz 
J = 2.6 Hz). 4.17 (IH. m), 4.68 (IH, d. J = 10.2 Hz), 4.74 (IH, d. J = 8.8 Hz), 4.80 (IH. d. J = 8.8 Hz). 4 85 
(IH. d. J»10.2 Hz). 7.2-7.45 (4H, m). 



Example 49 



0-(4-Chlorobutyryl)fumagi!lol 




To a solution of fumagillol (300 mg) and dimethylaminopyrldlne (260 mg) in anhydrous dlchlorom ethane 
(5 ml) was added dropwise 4-chlorobutyryl chloride (0.14 ml) under ice cooling and the mixture was stirred 
at room temperature for 1 hour. The reaction mixture was diluted with ethyl acetate, washed with saturated 
aqueous sodium hydrogen carbonate solution and saturated aqueous sodium chloride solution and drived 
over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure and the residue 
was subjected to silica gel column chromatography, elution being canied out with a mixture of n-hexane 
and ethyl acetate (1:4). The eluate was concentrated under reduced pressure to give 0-(4-chlorobutyryl)- 
fumagillol (311 mg) as a coloriess oil. 

'H-NMR (CDDa) I: 1.10 (IH. s). 1.21 (3H. s). 1.66 (3H, s). 1.75 (3H. s). 1.80-2.45 (7H. m), 2.58 (4H, m). 2.99 
(IH. d, J=4.2 Hz), 3.43 (3H. s). 3.61 (2H, t, J«e.4 Hz). 3.64 (IH. dd. J = 2.8 Hz. J-11.4 Hz), 5.21 (IH. m), 
5.68 (IH.m). 



32 



EP 0 357 061 A1 



Example 50 

0-(N-Methylsulfamoyl)fumagillot 



JO 




75 To a solution of fumagillol (300 mg) and dimethylaminopyridine (400 mg) in anhydrous dichloromethane 
(2 ml) was added dropwise N-methylsulfamoyI chloride (0.30 ml) and the mixture was stirred at room 
temperature for 20 minutes. The reaction mixture was diluted with ethyl acetate, washed with saturated 
aqueous sodium hydrogen carbonate solution and saturated aqueous sodium chloride solution and dried 
over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure and the residue 

20 was subjected to silica gel column chromatography, elution being carried out with a mixture of n-hexane 
and ethyl acetate (1:2). the eluate was concentrated under reduced pressure to give 0(N-methylsul- 
famoyl)fumagillol (367 mg) as colorless crystals. A portion of the above crop of crystals was recrystallized 
from isopropyl ether for melting point determination, 
m.p.: 108-109* C 

25 »H-NMR (CDCI3) S: 1.12 (IH. s). 1.20 (3H. s). 1.68 (3H. s), 1.75 (3H. s). 1.95(1H. d, J = 11.4 Hz). 1.85-2.45 
(4H. m), 2.58 (1H, t. J = 6.6 H2). 2.60 (IH. d. J=4.0 Hz). 2.80 (3H. d. J=5.2 Hz). 2.99 (IH. d. J =4.0 Hz). 
3.56 (3H. s), 3.68 (1H, dd. J «2.0 Hz. J -11.4 Hz), 5.15-5.30 (3H. m). 



^0 Example 51 



O-Chloroacetylcarbamoyldihydrofumagillol 




40 i 

OCONHCOCH.C/ 



O-Chloroacetytcarbamoyldihydrofumagillol (173 mg) (81% yield) was derived from dihydrofumagiilol 
(150 mg) In the same manner as in Example 8. 

'H-NMR (CDCIa) S: 0.91 (6H. d. J«6.6 Hz), 1.13 (IH, m). 1.18 (3H. s). 1.2-2.2 (9H, m), 2.57 (IH. dd, J =7.2 
Hz. J = 4.6 Hz). 2.63 (IH. d, J = 4.2 Hz), Z91 (IH, d, J = 4.2 Hz), 3.47 (3H. s) 3.69 (IH. dd, J = 11.4 Hz, 
J = 2.6 Hz), 4.44 (2H. s), 5.62 (1 H. br s). 8.38 (1 H, br s). 



50 

Example 52 



0-[IH2-Dimethylaminoethyl)tetrazol]-5-yl-thioacetylcarbamoyl]fumagillol 

55 
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sOMt 



OCOMHCOCHi S 



N (CRi ) t 



70 



75 



In the same manner as in Example 42. 0-chIoroacetylcarbamoylfumagiIlol (195 mg) was reacted with 1- 
(2-dimethylamino6thyI).5-mercaptotetra20le sodium (113 mg) with stimng at room temperature for 1 hour. 
Purification by silica gel column chromatography (eluent ethyl acetate) gave coloriess, powdery 0-[[1-{2- 
dimethylaminoethyl)tetrazol]-5-yl-thioacetyicarbamoyllfumagilIol (217 mg) (83% yield) 
^H-NMR (CDCI3) S: 1.10 (1H. m). 1.20 (3H. s). 1.66 (3H. s). 1.75 (3H. s). 1.8-2.45 (6H. m). 2.59 (2H, m). 2.77 
(2H, t. J = 6^ Hz). 2.99 (1H. d, J = 4.2 Hz. 3.47 (3H. s), 3.67 (1H. dd. J«11.4 Hz. Jn2.6 Hz). 4.37 {4H m> 
5.20 (1 H. m), 5.62 (1 H. m), 8.99 (1 H. br s). ' 



20 



Example 53 



0-I(2-methyi-1.3.4-thiadia20l-5-yl)thioacethylcarbamoyl]fumagi!Iol 



25 



30 



35 



T A A 

OCOMHCOCH, S^S^CH, 



In the same manner as in Example 42. 0-chloroacetyicarbamoyIfumagiItol (283 mg) was reacted with 
sodium- 2-methy|.1.3,4.thiadlazole.5-thiolate (130 mg) with stirring at room temperature for 30 minutes. 
Purification by silica gel column chromatography (eluent n-hexane-ethyl acetate a 1:1) gave coloriess. 
powdery 0-[(2-methyl-1.3.4- thiadlazol-5-yl)thioacetylcarbamoyl]fumagilIol (293 mg) (84% yield) 
'H-NMR (COCI3) 6: 1.09 (1H. m). 1.20 (3H, s). 1.66 {3H. s). 1.75 (3H, s). 1.6-2.4 (6H, m), 2.57 (2H, m). 2.73 
(3H. s). 2.98 (IH, d. J=:4.2 Hz). 3.45 (3H, s). 3.67 (1H. dd. J = 11.2 Hz. J=.2.6 Hz). 4.32 (1H, d. J = 16.2 Hz) 
4.44 (IH. d. J = 16.2 Hz). 5.21 (IH. m). 5.61 (IH. br s). 9.43 (IH. br s). 



40 



Example 54 



4S 



0-(1-Naphtha!enethioacetylcarbamoyI)fumagiIIol 



50 




OCONHCOCK, S-/0) 



55 



In the same manner as in Example 42. 0-chloroacetylcarbamoylfumagillol (159 mg) was reacted with 
sodium naphthaienethiolate (188 mg) with stirring at room temperature for 5 minutes. Purification by silica 
gel column chromatography (eluent n-hexane-ethyl acetate a 3:1 ) gave coloriess. powdery 0-(1-naph- 
thaienethloacetylcarbamoyI)fumagillol (160 mg) (81% yield). 
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«H-NMR (COCIj) 5: 1.08 (1H, m). 1.20 {3H. s). 1.66 (3K s). 1.75 (3H, s). 1.89 (IH. d, J = 11.2 Hz). 1.6-2,45 
(5H, m). 2.54 (2H. m). 2.73 {3H, s), 2.98 {1H, d, J«4.2 Hz). 3.45 (3H. s), 3.66 (1H. dd, J = 11.2 Hz, J = 2.6 
Hz). 3.96 (IH, d. J = 15.4 Hz). 4.07 (1H. d. J = 15.4 Hz), 5.20 (1H. m), 5.57 (1H, m), 7.35-7.9 {6H. m). 8.11 
(1 H. br s). 8.40 (1 H, d. J = 7.8 Hz). 



Example 55 



10 0-[(N-MethyIpyrrolidin-1 -yIium)acetylcarbamoyl]funriagilIol chloride 



75 




0-Chloroacetylcarbamoylfumagillol (170 mg) and N-methylpyrrolidine (1 ml) were stirred in ether (3 ml) 
at room temperature for 1 week. The resultant precipitate was recovered by filtration, washed with ether and 
dried in vacuo. The procedure gave coloriess, powdery 0-[(N*methyipyrro!idin-l*ylium)acetytcarbamoylh 
fumagillot chloride (170 mg) (82% yield). 
25 »H-NMR (CDCIs) «: 0.97 (IH, m), 1.16. (3H, s), 1.63 (3H, s), 1.73 (3H. s), 1.4-2.7 (IH. m). 2.53 (IH. d. J-4.2 
Hz), 2.66 (IH. t. J = 6.2 Hz). 2.94 (IH, d. J =4.2 Hz), 3.41 (3H, s). 3.42 (2H. s). 3.64 (IH. dd. J = 11.4 Hz, 
J=2.6 Hz). 3.8-4.1 (4H, m). 4.70 (IH, d. J-16.8 Hz), 5.14 (IH, m), 5.40 (IH, d. J = 18.8 Hz). 5.60. 

^0 Example 56 



0-t2-(N,N.N-Trimethylammonfo)ethylcarbamoyl]fumaglllol iodide 



35 




OCOKRCBt CSi H CCHt } t 

0-(2-DimethylaminoethylcarbamoyI)fumagillol (81 mg) and methyl -iodide (0.5 ml) were stirred in 
dichtoromethane (1 ml) at room temperature for 15 hours. The solvent was distilled off under reduced 
pressure and the residue was washed with ether to give coloriess. powdery 0-[2*(N.N,N-trimethylammonio)- 
ethylcarbamoyllfumagiltol iodide (105 mg) (95% yield). 
m.p.: 94-95* C 

'H-NMR (CDCIj) 5: 1,03 (IH. m). 1.17 (3H. s). 1.66 (3H, s), 1.75 (3H, s). 1.5-2.4 (6H. m), 2.57 (IH. d, J-4.2 
Hz), 2.68 (IH. t J«8.6 Hz), i97 (IN, d, J =4.2 Hz), 3.44 (12H, s), 3,3-3.9 {5H. m). 5.18(1 H, m). 5.50 (IH. m) 
6.80 (IH, m). 



Example 57 



0-[N-Acetyl-(2-dlmethylaminoethylcarbamoyl)Jfumaginol 
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5 




OCONCH, CHt N (CHt } t 
COCRi 



To a solution of 0-(2-dimethylaminoethylcarbamoyl)fufnagillol (146 mg) and triethylamtne (0.5 ml) in 
'0 dichloromethane (2 ml) was added acetic anhydride (0.3 ml) and the mixture was stirred at room 
temperature for 1 day. The reaction mixture was diluted with ethyl acetate, washed with water and saturated 
aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was distilled 
off under reduced pressure and the residue was purified by silica gel column chromatography (eluent: 
dichloromethane-methanol = 20:1) to give colortess, oily 0-[N-acetyl-(2-dimethylaminoethylcarbamoyl]- 
« fumagillol (113 mg) (73% yield). 

'H-NMR (CDCIa) fi: 1.15 (1H. m), 1.20 (3H, s). 1.85 (3H. s). 1.74 (3H. s). 1.95 (3H. s). 1.9-2.6 (7H. m). 2.50 
(3H, s); 2.53 (3H. s), 2.60 (1H. d. J = 4.4 Hz). 2.78 (1H. t J«6.4 Hz), ^88 (1H, m). 3.02 (1H. t. J=6.4 Hz), 
3.45 (3H, s). 3.69 (1H. dd, J = 11.4 Hz. J»2.a Hz). 4.03 (2H, m). 5.20 (1H, m). 5.71 (IH, m). 

20 

Example 58 



0-AcryloylcarbamoylfumagiIlol 



35 In the same manner as in Example 8. fumagillol (220 mg) was reacted with acryloyi isocyanate (200 
mg) with stining at room temperature for 30 minutes. Purification by silica gel column chromatography 
(eluent: n-hexane-ethyl acetate » 3:1) gave coloriess, powdery 0-acryloylcarbamoylfumagillol (60 mo) 
(21% yield). 

«H.NMR (CDCI3) 5: 1.10 (IH. m). 1.21 (3H. s), 1.66 (3H. s), 1.75 (3H. s), 1.6-^5 (6H. m). 2.58 (IH. d, J = 4.2 
<o Hz). 2.59 (IH. m). 2.99 (IH. d. J-4.2 Hz). 3.47 (3H, s). 3.69 (IH. dd. J-11.2 Hz. J=2.6 Hz). 5.21 (IH. m). 
5,60 (IH, m), 5.88 (IH, dd. J«10.4 Hz. Jal.6 Hz), 6.51 (IH, dd, J = 17,0 Hz. J = 1.6 Hz), 6.92 (IH, dd. 
J = 17.0 Hz. J a 1.6 Hz). 6,92 (IH, dd. J»17.0 Hz. 0 = 10.4 Hz). 7.78 (IH, br s). 



<s Example 59 



0-1(1 -Methyl-2-methoxycarbony1 1 ,3.4-triazol-5-yl)thioacetyIcarbamoylIfumagillol 



25 



30 




OCONSCOCH-CH, 



50 



55 
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In the same manner as in Example 42. 0-chloroacetylcarbamoylfumagillol (270 mg) was reacted with 
sodium 1-methyl-2-m thoxycarfaonoy 1-1 .3,4-triazole-5-thio late (164 mg) with stirring at room temperature for 
30 minutes. Purification by silica gel column chromatography (eiuent n-hexane-ethyl acetate » i:4) gave 
colorless, powdery 0-[(1 -methyl-2-methoxycarbonyl-l .3,4-tria20l-5-yl)thioacetylcarbamoy I Jfumagillol (288 
mg) (80% yield). 

'H-NI^R (CDCIa) 6: 1.07 (1H. m). 1.18 {3H. s). 1.65 (3H. s). 1.75 (3H, s), 1.6-2.4 (6H, m), 2.54 (2H. m). 2.96 
(IK d. J = 4.2 Hz), 3.44 (3H. s), 3.64 (1H. dd. J:=11.4 Hz. J = 2.4 Hz). 3.91 (3H. s), 3.99 (3H. s) 4.30 (1H, d, 
J = 15.8 Hz). 4.41 (1H. d, J = 15.8 Hz). 5.19 (IH. m), 5.59 (1H. m). 9.96 (1H. br s). 



Example 60 



0-[(2-Benzoxazolyl)thioacetylcarbamoyl]fumagilIoi 




In the same manner as in Example 42. O-chloroacetylcarbamoytfumagillol (230 mg) was reacted with 2- 
mercaptobenzoxazole sodium salt (119 mg) with stining at room temperature for 30 minutes. Purification by 
silica gel column chromatography (eiuent n-hexane-ethyl acetate = 3:1) gave colorless, powdery 0-[(2- 
benzoxazolyl)thioacetytcarbamoyllfumagil{ol (269 mg) (91 % yield). 

^H-NMR (CDCIa) 5: 1.04 (IH, m). 1.20 (3H. s). 1.68 (3H. s). 1.75 (3H. s). 1.8-Z6 (8H. m). 2.97 (IH. d. J = 4.4 
Hz). 3.47 (3H. s). 3.67 (IH. dd, J = J1.2 Hz. J = 2.6 Hz). 4.31 (2H, s), 5.20 (IH, m). 5.63 (IH. m). 7.2-7.3 (2H. 
m); 7.47 (IH. m), 7.58 (IH. m). 9.49 (IH, br s). 



Example 61 



0-[(2-6enzolmidazoIyl)thloacetylcarbamoyl]fumagillol 



ocoHHcoca, 5-^^]}^ 

H 

In the same manner as In Example 42. 0-chloroacetylcarbamoylfumagillol (257 mg) was reacted with 2- 
mercaptobenzoimidazole sodium salt (132 mg) with stining at room temperature for 30 minutes. Purification 
by silica gel column chromatography (eiuent n-hexane-ethyl acetate = 1:1) gave colorless, powdery 0-((2- 
benzoimidazolyl)thloacetylcarbamoyl]fumagliloi (297 mg) (90% yield). 

'H-mR (CDCIj) 5: 1.03 (IH, m), 1.19 (3H. s). 1.71 (3H, s), 1.83 (3H, s). 1.8-2.4 (7H. m). 2.57 (IH. d, J = 4.4 
Hz). 2.96 (IH, d. J =4.4 Hz). 3.48 (3H. s). 3.68 (IH, dd. Ja11.6 Hz. J = 2.2 Hz). 3.74 (IH, d. J = 14.2 Hz), 
3.87 (IH. d, J = 14.2 Hz), 5.25 (IH, m), 5.69 (IH, m), 7.10 (2H, m), 7.3-7.5 (2H. m), 11.01 (IH. br s), 12.60 
(IH. br s). 



Example 62 
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0-[(8-QuinoIyl)thioacety[carbamoyl]fumagiIlol 



5 



10 




In the same manner as in Example 42, Ochloroacetylcarbamoylfumagillol (289 mg) was reacted with 8- 
mercaptoquinoline sodium salt (208 mg) with stirring at room temperature for 30 minutes. Purification by 
silica gel column chromatography (eluent: n-hexane-ethyl acetate = 7:3) gave colorless, powdery 0-[(8- 

^5 quinolyl)thioacetylcarbamoyi]fumagil!ol (382 mg) (99% yield). 

^H-NMR (COCI3) «: 1.07 (IH, m), 1^5 (3H. s). 1.85 (3H, s). 1.75 (3H. s). 1.6-2.55 (8H, m). 2.95 (IH. d. 
J =4.2 Hz), 3.51 (3H, s). 3.74 (IH. dd, J=»11.4 Hz. J=i2.8 Hz). 3.77 (IH, d, J a 15.4 Hz), 3.92 (IH, d, J » 15.4 
Hz), 5.19 (IH. m), 5.67 (IH, m). 7.50 (IH, t, J = 7.8 Hz). 7.60 (IH, dd, J=8.4 Hz. J = 4.4 Hz), 7.82 (IH. d. J = 
7.8 Hz), 7.91 (IH, d, J = 7.2 Hz), 8.26 (IH, dd. J = 8.4 Hz. J = 1.6 Hz), 9.20 (IH, dd. J = 4.4 Hz, J = 1.6 Hz) 

20 11.84(1H. brs). 



Example 63 

25 ' 

0-[(2-Pyridyl)thioacetylcarbamoyl]fumaglIIol 



30 




35 

In the same manner as in Example 42, O^hloroacetylcarbamoylfumaglllol (292 mg) was reacted with 2- 
pyridinethiol sodium salt (110 mg) with stining at room temperature for 30 minutes. Purification by silica gel 
column chromatography (eluent n-hexane-ethyl acetate « 2:1) gave colorless, powdery 0-[(2-pyridyl)- 
^ thioacetylcarbamoyljfumagillol (325 mg) (94% yield). 

^H-NMR (CDCI3) 3: 1.08 (IH. m). 1.21 (3H. s). 1.07 (3H, s), 1.78 (3H. s), 1.6-^6 (8H, m), 2.98 (IH, d, J =4.2 
Hz), 3.47 (3H, s). 3.66 (IH. dd. J^n^ Hz, J = ^e Hz), 3.77 (IH, d, J = 14.8 Hz), 3.93 (IH, d, J = 14.8 Hz), 
5.23 (IH. m), 5.60 (1H, m), 7,11 (IH. m), 7.31 (IH, d, J = 8.8 Hz). 7.59 (IH. m). 8.45 (IH. d. J = 5.0 Hz) 10.67 
(IH. brs). 

45 

Example 64 



0-[(4-Pyridyl)thioacetylcarbamoyl]fumaglllol 
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In the same manner as in Example 42, 0-chloroacety!cafbamoylfumagillol (290 mg) was reacted with 4- 
pyridinethiol sodium salt (115 mg) with stirring at room temperature for 30 minutes. Purifications by silica 
gel column chromatography (eluent n-hexane-ethyl ac tate = 1:2) gav colorless, powdery 0-[(4.pyrtdyl)- 
thioacetylcarbamoyljfumagillol (314 mg) (91% yield). 
5 'H-NMR (COCIj) a: 1.10 (1H, m). 1.21 (3H. s), 1.66 (3H. s). 1.75 (3H. s). 1.6-2.6 (6H. m). 2.54 (1H. t J = 6 2 
Hz). 2.57 (1H. d. J=4.4 Hz). ^98 (1H. d. J-4.4 Hz), 3.48 (3H. s). 3.69 (1H, dd. J = 11.2 Hz. J = 2.4 Hz) 4 13 
(1H. d. J = 15.8 Hz), 4.22 (1H. d. J = 15.8 Hz), 5.20 (1H, m). 5.61 (1H. m). 7.22 (2H, dd. J-5.0 Hz j=.l 4 
Hz), 8.43 (2H. d. J =» 6.0 Hz). 8.82 (1 H. br s). 

10 

Example 65 



0-(Methylthioacetylcarbamoyl)fumagillol 

15 




OCONBCOCHtSCat 



In the same manner as in Example 42, 0-chloroacetylcarbamoylfumagil!ol (107 mg) was reacted with 
2s methanethiol sodium salt (225 mg) with stining at 10* C for 1 hour. Purification by silica gel column 
chromatography (eluent n-hexane-ethyl acetate = 3:1) gave colorless, powdery 0- 
(methylthioacetylcarbamoyl)fumagil!ol (500 mg) (45% yield). 

»H.NMR {CDCI3) B: 1.10 (1H. m). 1.21 (3H, s). 1.66 (3H. s). 1.75 (3H, s). 1.75 (3H, s), 1.93 (1H, d. J=11.2 
Hz). 2.18 (3H, s), 1.7-2.45 (5H, m). 2.58 (2H. m), 2.99 (1H. d. J = 4.2 Hz), 3.47 (3H, s), 3.48 (1H, d. J = 16.8 
30 Hz). 3.55 (1H. d. J = 16.a Hz). 3.68 (1H, dd. J = 11.2 Hz, Ja2.8 Hz), 5.20 (1H, m), 5.61 (1H. m). 8.12 (1H. br 
s).- 



35 
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Example 66 

0-[{4-Hydroxypyrimidin-2-yl)thioacetylcarbamoyllfumagillol 



OR 



^ OCONHCOCH.S ' ^ 



In the same manner, as in Example 42, 0-chIoroacetylcarbamoylfumagiiIol (239 mg) was reacted with 
thiouracil sodium salt (123 mg) with stirring at room temperature for 30 minutes. Purification by silica gel 
so column chromatography (eluent n-hexane-ethyl acetate = 1:5) gave colorless, powdery 0-{(4- 
hydroxypyrimidin-2-yl)thioacetylcarbamoyl]fumagillol (208 mg) (71% yield). 

^H-NMR (CDCI3) a: 1.09 (1H, m). 1.22 (3H. s), 1.66 (3H, s). 1.75 (3H, s), 1.5-2.6 (7H. m), 2.58 (1H. d. J=4.2 
Hz), 2.99 (1H. d. J a 4.2 Hz), 3.47 (3H, s), 3.68 (1H, dd, J« 11.2 Hz, Ja2.4 Hz), 4.08 (1H. d, J = 15.8 Hz). 
4.20 (1H. d, J = 15.8 Hz), 5.21 (1H, m). 5.61 (1H. m), 6.27 (1H, d, J = 6.6 Hz). 7.88 (1H, d. J = 6.6 Hz), 9.07 
55 (lH.br s). 
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00 



0-[(1 ^.3-Tria20l-5-yi)thioac6tytcarbamoylIfumagillol 



C 



10 



OCONHCOCKtS — "n 
N 
B 



• In the same manner as in Example 42, 0-chloroacetylcarbamoyffumagiIlol (249 mg) was reacted with 5- 
mercapto-1,2.3-triazole sodium alt (118 mg) with stirring at room temperature for 1 hour. Purification by 
silica gel column chromatography (eluent n-hexane-ethyl acetate = 3:2) gave coloriess, powdery 0-[(1 ,2.3- 
'5 tria20I-5-yl)thioacetylcarbamoyl]fumagilIoi (206 mg) (71% yield). 

'H-NMR (CDCIa) 5: 1.07 (1H. m). 1.27 (3H. s), 1.67 (3H. s). 1.76 (3H. s). 1.7-2.6 (6K m), 2.59 (1H, d. J=42 
Hz). 2,79 (1H, t, J = 6.2 Hz), 2.99 (1H. d, J=4.2 Hz), 3.41 (3H, s). 3.69 (1H, dd, J = 11.2 Hz. J = 2.6 Hz). 3.3- 
3.9 (2H. m), 5.20 (IN. m). 5.59 (1H, m), 7.71 (1H, 3), 8.90 (1H, br s). 



Example 68 

0-[(Dimethylsulfonio)acety!carbamoyl]fumagilIol Iodide 




0-(Methylthloacetylcarbamoyi)fumagilIol (167 mg) and methyl iodide (1 ml) were stirred in acetonitrile (1 
35 ml) at room temperature overnight The solvent was distilled off under reduced pressure and ether was 
added to the residue. The resulting precipitate was collected by filtration, washed with ether and dried 
under reduced pressure to give colorless, powdery 0-[(dimethylsulfonio)acetylcarbamoyl]fumagillol iodide 
(79 mg) (35% yield). 

•H-NMR (d<-DMSO) 5: 1.09 (3H, s). 1.32 (1H, m). 1.62 {3H. s), 1.72 (3H. s). 1.6-2.95 (10H. m). 2.92 (6H, s). 
40 3.34 {3H. s). 3.66 (1 H, m), 4.90 (2H, s). 5.21 (1 H, m). 5.49 (1 H, m). 

Example 69 

43 

0-[(N-Methylpyridin-4-yllum)thioacetyIcarbamoyl]fumagillol Iodide 



so 



55 




0-[(4-PyridyOthioacetyIcarbamoyl]fumagiilol (113 mg) and methyl iodide (1 ml) were dissolved in 
dichloromethane (2 mi) and the solution was stin-ed at room temperature overnight The solvent was distilled 
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off under reduced pressure and ether was added to the residue, the resulting precipitate was collected by 
filtration and washed with ether to give colorless, powdery 0-t(N-methylpyrjdln-4-ylium)- 
thioacetylcarbamoyljfumaglllol Iodide (127 mg) (87% yield). 

'H-NMR (COCI3) «: 1.05 (IH, m). 1.21 (3H, s). 1.65 {3H. s), 1.74 (3H. s), 1.5-2.65 (7H. m). 2.92 (1H. t. J = 8.2 
5 Hz). 2.98 (1H. d. J = 4.0 Hz). 3.49 (3H, s). 3.71 (1H, dd. J = 11.2 Hz. J = 2.4 Hz). 4.32 (2H. m). 4.37 (3H. s). 
5.19 (1H. m). 5.64 (1H, m). 7.90 (2H. d. J =»6.8 Hz). 3.76 (2H. d. J=6.8 Hz), 10 12 (1H. br s). 



Example 70 

10 

0-(N-(Ethoxycarbonyl)carbamoyllfumagilIol 



75 




ocoNffcoocatca. 

ao 

In the same manner as in Example 8. fumaglilol (350 mg) was reacted with ethoxycarbonyl isocyanate 
(200 mg) with stirring at room temperature for 30 minutes. Purification by silica gel column chromatography 
(eluent n-hexane-ethyl acetate « 3:1) gave colorless, powdery 0-IN-(ethoxycarbonyl)carbamoyl]fumagillol 
as (370 mg) (75% yield). 

iH-NMR (CDCIa) 5: 1,08 (1H. m), 1.21 (3H. s). 1.30 (3H, t J=7.0 Hz). 1.66 (3H. s). 1.75 (3H. s). 1.8-2.45 
' (6H. m). 2.56 (1H. d. J =4.2 Hz), 2.57 (1H. m). 2.98 (1H. d, J»4.2 Hz), 3.46 {3H. s). 3.67 (1H, dd. J = 11.4 
Hz. J a 2.8 Hz), 4^3 (2H. q. J = 7.0 Hz). 5.21 (1H, m). 5.62 (1H. m). 7.21 (1H, br s). 

30 

Example 71 



0-(3-Furoyl)fumagilloI 

35 



40 




45 In dichloromethane (15 ml) was dissolved 3-furancarboxyllc acid (397 mg) followed by addition of oxalyl 
chloride (0.62 ml) and the mixture was refluxed for 1 hour. After cooling, the solvent was distilled off under 
reduced pressure to give crude 3-furancarbonyl chloride. In dichloromethane (2 ml) were dissolved 
fumaglilol (500 mg) and dimethylaminopyridine (433 mg). and under ice-cooling, a solution of the above 3- 
furanecarbonyl chioride in dichloromethane- (5 ml) was added dropwise. Then, at room temperature, the 

so mixture was stinred for 30 minutes. Thereafter, the reaction mixture was diluted witii ethyl acetate (50 ml), 
then washed successively with 10% aqueous dtric acid solution, saturated aqueous sodium chloride 
solution, saturated aqueous sodium hydrogen carbonate solution and saturated aqueous sodium chloride 
solution, and dried over anhydrous magnesium sulfate. Finally, the solvent was distilled off under reduced 
pressure and the residue was purified by silica gel column chromatography (eluent n-hexane-ethyl acetate 

55 a 1:1) to give 187 mg of 0-(3«furoyl)fumagillol as colortess oil (28% yield). 

'H-NMR (COCI3) «: 1.25 (1H. m), 1.23 (3H. s). 1.68 (3H. s). 1,75 (3H. S). 1.8-2.5 (5H. m), 1.98 (1H. d. J = 11 
Hz). 2.58 (1H, d, J»4 Hz), 2.61 (IH. t J«7 Hz), 3.02 (1H. d, J = 4 Hz), 3.47 (3H. s). 3.72 (1H. dd. J = 3 Hz, 
jHll Hz), 5.21 (IH, m). 5.81 (IH. m). 6.72 (IH m). 7.41 (IH. m). 8.00 (IH, m), 
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ExampI 72 



0-(N-(3-Furoyi)carbamoyl]fumagillol 



5 



TO 




0 0 



'5 3-Furancart30xamide (167 mg) was suspended in dichloromethane (10 ml), followed by addition of 
oxalyl chloride (0.20 ml) under ice-cooling, and the temperature of the reaction mixture was raised to room 
temperature The reaction mixture was refluxed for 10 hours and the solvent was distilled off to give crude 3- 
furoyl isocyanate. In the same manner as in Example 8, the above product was reacted with fumagillol (213 
mg) with stim'ng at room temperature for 30 minutes. Purification by silica gel column chromatography 

20 (eluent n-hexane-e%l acetate « 2:1) gave colorless, powdery 0-(N-(3-furoyl) carbamoyllfumagiilol (120 
mg) (38% yield). 

'H-NMR (CDCb) S: 1.11 (1H. m). 1.22 (3H. s), 1.66 {3H. s), 1.75 (3H. s). 1.8-2.5 (5H. m). 2.00 (IH. d, 
J»11^ Hz), 2.57 (IH, d, J-4.0 Hz), 2.61 (1H. t J-6.6 Hz), ^99 (IH, d, J-4.0 Hz). 3.44 (4H, m). 3.70 (IH. 
dd, J = 11.2 Hz, J- -2.8 Hz), 5.20 (IH. m), 5.63 (IH. m), 6,80 (IH. m), 7.47 (IH, m), 8,16 (IH, m), 8.26 (1h 
25 br s). 



Example 73 



0-[N-(Phenoxycarbonyl)carbamoyl]fumagiIlol 



In the same manner as in Example 8, fumagillol (200 mg) was reacted with phenoxycarbonyl isocyanate 
(231 mg) with stirring at room temperature for 4 hours. Purification by silica get column chromatography 
(eluent n-hexane-ethyl acetate » 2:1) gave coloriess. powdery 0-(N-(phenoxycart5onyl)carbamoyl]fumagiHol 
45 (125 mg) (39% yield). 

^H-NMR (COCI3) «: 1.09 (IH. m). 1.21 (3H. s). 1.65 (3H, s). 1.74 (3H. s), 1.5-2.5 (6H, m), 2.55 (IH. d. J = 4.1 
Hz), (2.57 (IH. t J«6.5 Hz), 2.98 (IH. d, J«4.1 Hz), 3.50 (3H, s). 3.69 (IH. dd, J = 1.4 Hz, J- 11.2 Hz). 5.20 
(IH, m), 5.70 (IH, m), 7.1-7.4 (5H. m), 7.66 (IH. br s). 



Example 74 



0-(N'-Chloroacetylallophanoyl)fumagiilol 



35 



40 




55 
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i a H 

0 0 0 

0-Carbamoylfumagillol (200 mg) was dissolved in dichloromethane (4 ml) followed by addition of 
chloroacetyl isocyanate (0.10 mg) and the mixture was- stirred for 4 hours. The reaction mixture was diluted 
with ethyl acetate (50 ml), washed with saturated aqueous sodium hydrogen carbonate solution and 
saturated aqueous sodium chloride solution and dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure and the residue was purified by silica gel column chromatography 
(eluent n-hexane-ethyl acetate = 1:1) to give colorless, powdery 0-(N'-chloroacetylallophanoyl)fumaglilol 
'5 (230 mg) (84% yield). 

»H-NMR (COCI3) «: 1.12 (1H. m). 1.21 (3H. s). 1.66 (3H. s). 1.75 (3H. s), 1.8-2.5 (6H, m), 1.92 (1H, d, 
J = 11.2 Hz). 2.57 (1H. d. J = 4.2 Hz), 2.59 (1H. t. J = 6.8 Hz). 2.99 (1H. d, J = 4^ Hz). 3.48 (3H. s), 3.68 (1H. 
dd. J-11.4 Hz. J =2.8 Hz). 4.39 (2H. s). 5.20 (1H. m). 5.65 (IH. m). 



Example 75 

0-(N'-Benzoylallophanoyl)fumagitIol 




in the same manner as In Example 74. O-carbamoylfumagillol (200 mg) was reacted with benzoyl 
isocyanate (0.51 ml) with stirring at room temperature for 2 days. Purification by silica gel column 
chromatography (eluent- n-hexane-ethyl acetate » 3:2) gave coloriess, powdery 0-{N'-benzoylaiIophanoyl)- 
fumagillol (100 mg) (34% yield). 

^H-NMR (CDCI3) a: 1.12 (IH. m), 1.22 (IH, m), 1.23 (3H, s). 1.68 (3H, s), 1.75 (3H. s), 1.97 (IH, d. J = 11.0 
^ Hz), 1.8-2.5 (5H. m), 2.58 (IH, d. J = 4.2 Hz). 2.62 (IH, t J = 6.8 Hz). 3.00 (IH. d. J = 4.2 Hz). 3.50 (3H. s). 
3.69 (1Hi dd, J = 11.0 Hz. J =2.6 Hz). 5.20 (IH. m), 5.72 (IH, br s), 7.5-7.7 (3H. m). 7.91 {2H. m) 

Example 76 

45 

O-Chloroacetylcarbamoyl-6'b-hydroxyfumagiIIol 



50 




OCOMBCOCHiC/ 



Selenium dioxide (295 mg) was added to a 95% solution of O-chloroacetylcarbamoylfumagtllol (71 1 mg) 
in ethanol (30 ml) and th mixture was refluxed for 5 hours. The solvent was distilled off under reduced 
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